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3 TO 6 FURNACES CONTROLLED 
BY ONE CELECTRAY 


with photoelectric detection employing - - 


A PHOTOELECTRIC TUBE 
A MIRROR GALVANOMETER 
A BEAM OF LIGHT 


Now it is possible to control 3 to 6 furnaces, or a 3- to 6-zone furnace, 
ith a single, comparatively inexpensive instrument . . . Only TAG 
ha provided this needed, economical means of multiple point control 


withNa new development — CELECTRAY Multiple Point Indicating 


of control expected of some single point instruments 
batly s&epassed by this New CELECTRAY, due to its extraor- 
wity and quick action. 


gtable CELECTRAY Features, including inde- 
ag and terminals for connecting to motor 
manetic™sontactors without using intermediate 


Hrataining product uniformity, 
of titxgimple pyrometer that 
d.such atweconomical means 









































Cc. J. TAGLIABUE MEG. CO. 


Park & Nostrand Ave’s., Brooklyn, N. Y. 














for Electrical Measurement 


Like the fundamental laws of electricity itself, these basic types of WESTON 
instruments hold to the truth year after year. Their inherent dependability 
rests on time-tested design principles; their long life stems from a time-hon- 
ored insistence on uncompromising standards of construction. At the same 
time, they are completely modern in the sense that they are keyed to today’s 
needs ... styled for today’s preferences. » » It’s this clear combination 
of time-tested reliability and preference-tested modernity which keep 
WESTONS the preferred instruments for all switchboard, panel and built-in 
needs. They are selected not alone because they are modern instruments, 
but because they stay modern both in performance and in appearance. 
Why not have complete information on the broad line of WESTON instru- 
ments at your fingertips? Communicate with the WESTON office in your 
vicinity, or write for complete catalog. Weston Electrical Instrument Cor- 


poration, 591 Frelinghuysen Avenue, Newark, New Jersey. 
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Laboratory Standards . . . Precision DC and Specialized Test Equipment... Light 
AC Portables . . . Instrument Transformers ; Measurement and Control Devices... 
-». Sensitive Relays... DC, AC, and | Exposure Meters... Aircraft Instruments... 

ElectricTachometers...Dial Thermometers. 


Thermo Switchboard and Panel Instruments. 
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FROM HERE-- 


VIA 
BENDIX-CORY 


AUTOSYN 
L K 
SELF-SYNCHRONIZING 


SIGNALING UNITS 


; en cireuit diagram in the 


shows how simply a pair of Bendix- 


arrow 


Cory Autosynos transmit instrument 
readings to remote points. Pressure. 
station load, r.p.m.. position. rate- 
of-flow. count, dimension, liquid level 

almost any measure—may thus be 
read at a distance in one or several 
places. Several sizes and types. Type 
851 (shown) produces 2.5 inch-ounces 
of torque at 90° angular displacement 

safe continuous operating torque 
L.| ineh-ounees. Weight 15.3 ozs. Di- 


33 2 
mensions 258° x 3!%g. 


Other Autosyns 
operate within an accuracy range of 


I or — (2 or —on special order). 


One Auteosyvn Transmitter can acts 
several variously located rec 
remote tustrument pane” teary 


BENDIX AVIATION CORPORATION 
MARINE DIVISION 
754 Lexington Ave. Brooklyn, New York 
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NEW ENS ERS MENTS 


iF LUI4 itOrs, recorders. controllers, Inspectl 

devices, ete., for plant, field and laborator 
DIESEL ENGINE PLANT CONTROL 

by means of industrial instruments 


By George B. Bailey 
DIFFERENTIAL PRESSURE RECORDER 
made from an engine indicator 
By William B. Hess 
NEW FLOW CONTROL METHOD 
using weir and bubble tube 
By M. G. Mastin 
REMOTE PROCESS CONTROL 
with air-operated controllers 
By F. Rooney & C. Roman 
INTERLOCKI D CONTROLLERS 
applied to li crac kin 
By Selig H. Isaacs 
TOWER-TOP CONTROL 
which commands interrelated processes 
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VOLUMETRIC GAS ANALYSIS 
Absorption, oxidation and a pressure recordet 
By Shermat C ha 
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“Elective Courses” 


YOOD technical or industrial magazines—and there are 
(5 many of them—provide one of the most effective agen- 
es for the education of industrial technicians, research 
and production executives. Schools publish annual cata- 
describing the purposes as well as the contents of their 
ses; magazines should likewise frequently lift the veil. 
Every honest-to-goodness magazine—unendowed, unsub- 
ved and therefore depending wholly for its existence 
upon excellence of service to its subscribers—must obtain 
exact knowledge as to how best to render this service. 

More than once you have been asked, on this page, to ex- 

ess preference for the types of articles which Instruments 
should publish in order to be of the greatest possible service 
to you the instrument users of America. 

In addition to these frequent public notices, of course, we 
ave made it a practice (and will continue to make it a 
practice) to put this same question to readers whom we 
meet—those whom we happen to meet at technical meetings 
and those whom we travel to meet. We ask the advice, also, 

“many readers with whom we correspond. Occasionally, 
the Circulation Department has even sent out questionnaires 
to representative lists of subscribers. We always have tried 
to keep an open mind, but even if we had preconceived no- 
tions the overwhelming evidence would force recognition of 
certain outstanding facts: 

The regular feature unanimously elected first choice is 
“The Month’s New Instruments.” (It is for its news value, 
rather than for its educational value, that it rates first, but 

eaders know how much it differs from the usual “free pub- 
licity” new-product columns.) 

The only type of article desired by all readers without 
exception is what might be called the “practical educa- 
tional” type. A few readers prefer brief stories of means 
and results; a few prefer expositions of underlying theories; 
but all agree on wanting a combination of ‘“‘what-is-it” and 
“how-it-works,” dealing with a broad class of measuring 
instruments, or testers, or controllers. 

As to what constitutes a practical article, opinions differ 
widely. Some articles warmly praised as practical were ac- 
tually so devoid of application data that we had considered 
them to be “theoretical.”” There emerges the conclusion 
which we reported on this page some years ago: what 
readers want and need is not so much one kind of dish as 
a balanced diet: long, thorough texts, printed in handy in- 
stalments; brief accounts of how actual problems were 
solved; now and then, an authoritative exposition of under- 
lying theory, necessarily couched in the exact language of 
mathematics. And even a dash of seasoning! 

The letters which make the deepest impression upon the 
publisher and the editor are the unsolicited letters coming 
from ‘unknown friends”—readers not personally known to 
anyone in this office, who are enthusiastic for the advance- 
ment of Instrumentation and who have grown fond of 
Instruments over a number of years. With remarkable 
inanimity these faithful readers recommend that we re- 
print the serials on the measurement and control of tem- 
perature, humidity, pressure, ete., which ran in 1930-’33. 

The first few letters of this kind, we confess, received 
ess consideration than they deserved, because it was pos- 
ible that the writers were merely paying compliments (the 
iuthor of these old serials is now editor of Instruments). 


But false modesty had to be shed when it became obvious 
that the most urgent of these requests came from old sul 
scribers who head instrument department in modern plants 
and who are in large measure responsible for the education 
of their men. Specifically, recent requests for reprinting the 
serial on temperature measurement and control are particu 
larly urgent. This serial came out in 1932 in book form; 
this book has been out of print since 1935; and some instru 
ment department heads are almost frantic in their pleas 
that this text be made available for their men’s instructior 

It is most unusual for a magazine to reprint articles 
which it had published before, but it is inexcusable for a 
magazine to fail to meet the needs of its readers. The In 
struments Publishing Company has directed us, therefore, 
to publish a serial on Industrial Temperature Measurement 
and Control, beginning in the September issue. This will 
not be a word-for-word reprint of the book bearing the same 
name (which book has of course been in process of revision 
since 1933). The new text will be shorter. It will be more 
up-to-date. It will—as far as is humanly possible—meet the 
practical needs of practical men who use industrial instru 
ments in all industries. 

As an extra service to readers, this text is scheduled t 
be published in only four instalments: industrial thermom 
etry in September, industrial pyrometry in October, tem 
perature control principles in November and temperature 


control devices in December. 

Returning to the analogies between engineering schools 
and technical magazines: The most useful agencies (insti 
tutional or editorial) are those which strive to anticipate 
needs. For example, ‘‘everybody knows” today that Ame 
ica’s gravest needs are related to defense, but only a hand 
ful foresaw this need during the five or six years before 
that fateful First of September 1939. So few were the 
civilian technical schools blessed with wise foresight that 
the inauguration of the Ordnance Department’s Gage Lab 
oratory at N.Y.U. in 1937 was a big event. So few were the 
civilian technical magazines printing national defense ed 
torials that five years ago the Commandant of the Army 
Industrial College, at a dinner in Washington, read aloud 
our April 1935 editorial and referred to “the only” editor 
of a non-military journal who dared to sound warnings 
when to do so was unpopular. 

To be sure—as an engineering professor has just told 
us—schools find it more expensive to anticipate than do 
magazines. If a university had built an aerodynamics lab 
oratory in 1900, students—even math sharks—would have 
shunned the course and the deserted building would have 
evoked jeers. Whereas if a magazine gives a little space to 
“anticipatory” subjects and most space to “popular” sub 
jects, hardly anybody knows the difference. Yes, that’s one 
way of putting it, but the fact remains that in order to 
be able to anticipate needs, one must be able to distinguish 
between needs and wants, and one must have the guts to 
supply needs. History (Roman and modern) teaches that 
handing out “bread and circuses” results in flashy success 
followed by decay and ruin. Popular colleges with huge 
enrollments do not really serve their myriads of students 
and they contribute little to the nation, whereas the serious 
schools which look to the future of their students do an 
honest job of anticipation. Mass-circuiation periodicals 
which simply follow the crowd do not really serve the crowd 
but betray the crowd and harm the nation, whereas maga 
zines which constantly ascertain and analyze needs 
(finish it yourself!) 
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MOELLER 
PRECISION GRADE 
s~ INSTRUMENTS 


Moeller mercury thermome- 
| ters are made 


Glass Red Reading Column mak 


with the Moeller 


ng them easy to read under 

, varying light conditions, at a 
onsiagerable distance and over 

at 

od a wide range 

——— 


Moeller dial ther- 
mometers are made 
nm various scale 
anges up to 1000°F 
Meta 


or equivalent 


and Phenolite cases 








Moeller recording thermometers «re 
kewise furnished in various ranges up to 
1000°F. or equivalent. Round and square 


cases as preferred. 


Also HYGROMETERS 
RECORDING PSYCHROMETERS 
BAROMETERS HYDROMETERS 
MARINE INSTRUMENTS, ETC. 


Write for catalog. 


MOELLER 
INSTRUMENT 
=——COM PANY 


132nd STREET and 89th AVENUE 
RICHMOND HILL NEW YORK 


Sales Representatives in 
Principal Cities 
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THE MONTH'S NEW 
INSTRUMENTS 


In this department we strive to report each month ALL the new devices for measu 
nspection, testing, metering and automatic control—in the form of concise technica 
tions. When writing to manufacturers directly, please mention this department as your 
of information. Or write to Information Section, Instruments Publishing Company. 








Industrial Humiditstat, Laboratory Water Stills 
Insertion Form Six new  electrically-heated 
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. Photoelectric Devices 
For Simultaneous re ciniccratanes einen 


{ Kibv-ealarn 


scillographic Comparison of cinboy ects 
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The Mark of 
Effective Control 


NEW RCA Model 315-A 
ELECTRONIC SWITCH 





Process Control for sensitive. stable 


pol \ automatic control of temperature. 
fact ! ! \ ¢ : : 
line ; R pressure, liquid level.flow and other 
int | . . ‘ 
wi factors as applied to industrial 
mi processes. Responds to changes 
‘ ! | Ww 
the “I H nit quickly.without overtravel or hunt- 
All oj ( Sui 
eyck \ b { ing. Ask for Bulletin No. LOL. 
Hi H 
I?) f 


Combustion Control that is simple 





but complete for providing econom- 
ical operation 
of boilers of 
200 h. p. and 
larger. Details 
in Bulletin 
No. 102. 


SCILLOGRAPHIC traces Of two sepa- 
() rate functions can be viewed sima/- 
taneously on any oscillograph, for wave- 
form and phase comparisons, with this 
new RCA Model 


Switch. Two separate amplifier chan- 


315-A Electronic 


nels are automatically ‘keyed’ by a 


variable-frequency square-wave gen- ‘ 

; Boiler Meters 
erator to yield a portion of one signal 
alternating rapidly with a portion of for recording 





the other signal. On the screen, both combustion 


ontroller 


Recorder-¢ 


functions appear visually continuous. liti ial 
) conditions an 


Switching-frequency is variable from pee ’ ; 
cuiding boiler operators. Described 


in Bulletin No. 44. 





20 to 15,000 cycles; square-wave gen- 
10 to 


erator from ,500 cycles. 


Such applications as Power Factor f frequencies from 100 ke. 4 
Multi-Pointer Gages for indicating 


relations under varying loads may be 
visually shown simply by connecting factors such as draft. pressure, tem- 
the voltage-applied to one amplifier cil 
verature and speed, 
input, and the current-flow to the other Mai as I 





amplifier, giving simultaneous / and E 
curves with the angle of lag clearly 
indicated for each condition * * * Elec- 
tronic amplifiers may be checked di- 
rectly for phase and wave-form distor- 
tion by connecting the input signal to 
one amplifier channel on the 315-A 
and the output signal to the other am- 
plifier channel. Smooth-working con- 
trols on the panel of the 315-A permit 
varying the amplitude and position of 
these traces until respective peak-levels 
coincide. Write for complete data and 


literature. 


Over 380 million RCA Radio Tubes have been 


bought by radio users 


KCA) 
S Vaauuing 


Lqulfpmtii 


RCA Mfg. Co., Inc. +« Camden, N.J., U.S. A. 
A Service of the Radio Corporation of America 
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These Gages are avail- 
able with any number 
of pointers and any 
scale combination; in 
either the oil sealed 
bell or diaphragm con- 


struction. 


Flow Meters for indi- 
cating, recording and 


integrating the flow of 





steam, water. sewage, 
air, gas and other fluids. Bulletins 


No. 39 and 300. 


Recorders for pressure, temiper- 
ature, drafts, liquid level and othe: 


factors. 


BAILEY METER 
COMPANY 


1041 Ivanhoe Rd., Cleveland, Ohio 
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Thermometers 
Hygrometers 
Psychrometers 
Hydrometers 











Several hundred 
types and varieties 
of instruments are 
described in new 
Catalog 110, but 
since ALL of them 
are produced in 
our own factory 
under our own ex 
perts’ supervision, 
the best materials 
and high-grade 
workmanship _ char- 
acterize EACH of 
them. 

OQur_ customers 
find special satis- 
faction in the 
choice of FOUR 
different styles of 
thermometer glass: 
1. White enamel 








back; 2. yellow en- 
amel back; 3. 
Hespe; 4. red-read 
ing mercury. 





TWO WIDELY USEFUL NUMBERS 
(Left) No 169 For 
processes, with two scales: 
and 0-30 Ibs. pressure. 9” scale 
(Right) No. 326. Max. & 
ing thermometer in 12” 
copper case. Approx. range 
to 120°F 


pressure-cooking 
170-270°! 
length 
min. register- 
shelter type 
minus 40 


Weksler Thermometer Corporation 
535 PEARL STREET NEW YORK, N. Y. 

















TUBE PHOTOMETER 


with ELECTRONIC AMPLIFICATION 
for 
Measuring Low Light on Small Areas 





@ Suitable for Spectrophotometry, for meas- 
uring Tyndall light, fluorescence and weak 
U.V. radiation, for densitometry and light 
measurements on focusing § screens of 
micro-cameras 

@ Self-contained, portable, operated 
power line, fully balanced for line 
age variations, direct reading. 

@ High-gain DC-amplifier also applicable to 
tube voltmeters, pH meters, insulation 
meters, ionization current indicators 


PHOTOVOLT CORPORATION 
10 E. 40 STREET NEW YORK CITY 


ELECTROCELL Photo-Elements, 
Foot-Candle Meters, Exposure 


from 
volt- 


Colorim- 
Meters. 
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Continuous, Remote-reading 
Specific-gravity Indicator 


N el) thod of determining fluid der 
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Sequence and Time Controller 


1/10%, rat coils to within Precise timing of sequence and duratiot 
i f operations involving temperature, pres 
Described Bulletin 100 which also sure, humidity combinations of Te 
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Wheatstone and Kelvin Bridges 


RUBICON COMPANY 


Electrical Instrument Makers 


29 North Sixth St. Philadelphia, Pa. 
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Moisture Testing Simplified 


BRABENDER For 
SEMI-AUTOMATIC Laboratory 
MOISTURE iY and 

TESTER ‘4 Plant Control 
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ASHCRAFT 
ELECTRIC HYDROMETER 


































for the 
continuous measurement 
of specific gravity 


Utilizes a basically new p 

ciple of fluid density measure 
ment by 
gravity of fluids may be in 


which the specific 
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the actual conditions of proc 
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ASHCRAFT AUTOMATIC 
CONTROL COMPANY 
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The Widest Selection 
of TIMERS and 


Best Quality in 
every Price Range 


JULES RACINE & CO. 


20 WEST 47'" ST., NEW YORK 


FREE 
Catalog 
on request 


























Optical Thread Tool Gage 


Rat et ccurat t-uy f single-point 
ling tool j said to be made possible 


w Optical Thre Tool Gage whicl 





Microscope has an unusually larg: 
piece fleld of 7%” (Cin which appear char- 
ingles if Am Natl Standard 
Whitworth, and Metric threads), has rack- 
nd-pinion focusing, is mounted on a keyed 


ross-rod whict lides for adjustment In a 
eamed hole perpendicular to a mandrel in 
the base. Instrument makes possible setting 


p threading tool perpendicular to lathe 


ent ixis within 2 minutes of are Angel 
f tool itself is checked to same accuracy 
To check thread angle on work, Optical 


Thread Tool Gage is simply placed on top 
f the work ind ecross-rod of instrument 
lid out until threads anpear in field of mi- 
croscope Vee bottom of mandrel facilitates 


etting on work. Instrument is suitable for 


work fron \.” to 61.” in diameter Magni- 
fleation is about 12. A hardwood case is 
fraertne Scientific Corp., 1211 


upplied 


Wrightwood Ave Chicago, Til 


Flashlight Bulb Extension 


Ko inspecting ind exploring the “In 
irds of instruments, meters and mechan 

new Sierra Flashlight Bulb Extensior 
n be introduced into a small opening ( 
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For Extremely Close 
Temperature Control 


Visual-Stats 


= 








@ Sensitivity of a hundredth of a degree 
is easily attainable. @ Top of mercury 
column visible at control point (where 
most important) because electrodes ter- 
minate at back of tube. No encircling 
metal bands! @ Available in angle form 
(illustrated) or conventional! straight form. 
@ Send for brief, attractive bulletin. 


The Philadelphia Thermometer Co. 


915 Filbert Street *i- Philadelphia 


Oldest Thermometer Manufacture 


in Philadelphia 




















TWO-STAGE PUMPS 


INTERNAL VANE MOVEMENT 





Nc 400 DUO-SEAL PUMP 


Capacity—19 liters free air per minute. 
0.1 micron (.0001 mm Hg.) 
Silent Operation. Positive 


No oil can back up. 


Vacuum 
or better 
Oil Seal 


Write for Complete Circular 


W. M. WELCH SCIENTIFIC COMPANY 


515 Sedgwick St Chicago, II 


f 

es multiple-contact inits now nif 
ballast Is t ssure uniform contact loa 
ing Varitrar units ire iailabl Tor l 
or 230-vol service with respective uty 

ltuge f 0-130 and 0-260 volts. Sn { 
non-interrupted control is said to be etl 
fected in all sizes from 2-amp. ‘Model \ 
to 44-any Model V-7 United Tra 
forme ar f Varick St., New Yo 
V. & 















Combustible Gas Indic, 


New Model] iexplosimeter” ¢ 
s indicator incorporates advanc 
sign and construction, Simplified 















































circuit: features 


single filament ar 





control Knob One-hand operation 
otner hand free to handle sampling lit 
probe Positi reading is obtained or 
ond squeeze f£ bulb (5 ft. sampling ! 
Flow system is cast integral with cas 
built-in filter chamber is provided to t 
dust and moisture, This filter chamber 





charcoal cartridge 
proper differentiation between illumi 
condensable 


ilso accommodate 
gas ind combustible Va 
Explosimeter Model 
standard flashlight batteri 
contained in a compartment sey 
working parts. Hence no exposure of wort 
ing parts when batteries are changed 
possibility of electrolyte from dischargs 
cells affecting electrical controls Anotl 
feature is On-Off Signal Bar on single 
trol Knob, raised in view when current 
turned on and flush with the knob w 
switched off, preventing 
from unknowingly leaving instrument wit 
current on. Replaceable single filament 

a normal useful life of several thous 


such as gasoline. 
powered by 


irate fr 


current is 


tests; a spare contained in case is re 
for Instant use. Wine 
Co., Braddock, 
Pittsburgh, Pa. 


Applian 
Thomas and Veade ‘ 


safety 


Voltage Regulating 


Transformers 


Design changes featuring new line 
“UTC Varitran”’ units are said to enhar 
their ruggedness and reliability In addi 
tion to glass-insulated wire throughout 

















tentiometer Pyrometer 


electrical-instrument movement. of 
MPO Mono-Potentiometer” serves 
ilvanometer and the temperature 
the two functions being combine 
in a novel circuit 
suid to. enable 
temperatures to be 
wcurately meas- 
ured by ust of 
thermocouples 
substantially inde 
pendent of circuit 
resistance, Other 
features include 
simplicity of con 
trols and compen 
sation for cold 
junction error and 
copper erro! ot 
the instrument 
Power for oper 
tion of the instru 
ment by the po 
tentlometet prin 
ciple is derived 
two small dry cells. Instrument circuit 
id to be so arranged that the voltage of 
dry cells does not affect tlibration 
ent consumption from the cells when in 
mounts to less than 2 ma. To operate, 





nter is checked for zero as indicated by 
i line on the seale. (If necessary, zero 
isting screw is used.) Thermocouple is 
ied and current turned on with switch 
\ Operator then depresses push button 
tech marked “SW,” and rotates rheostat 
b marked “BAL” until pointer stands at 
zero line. He then releases push button 
tech and reads temperature. To verify a 
perature reading, depress push button 
tech: if pointer remains on zero, no bal- 
ng is necessary as temperature shown is 
! is when last read otherwise, the 
BAL” Knob is turned, the “SW” released 
{ the new temperature read. When. in- 
iment is not in use, the “BA” switch is 
ned to “Off.” New Mono-Potentiometer is 
tilable with 34.” seale in ranges 6-400, 
), 0-1200 and 0-2000°F. It is designed 
i potentiometer for laboratory and_ in- 
trial use to give independence of thermo- 
ouple condition length, or cross-section 
within wide limitations) while retaining 
e ruggedness of a medium-resistance in- 
trument.—J-B-T Instruments, Inc., 441/-H 
Chapel St., New Haven, Conn 


Proportioning Equipment for 
Corrosive Fluids 


New Air-actuated Proportioner was de- 
gned especially for accurately feeding sul 
hurie acid in conditioning boiler feed wa 

\ contact meter in series with a cyele 





ontroller operates an air compressor. in 
Ide the proportioner shell when a predetet 
ned flow is reached. The acid is measured 
nto the dilution tank to which dilution wa 
l proportioned by i mechanism that 
ents too high or too low hemical con 
entration usually issociated with batch 
lings \ special feed-line fitting provides 
proper Introduction of diluted acid or 
her fluid into the main flow. New Propor 
mer is suitable also for proportioning any 


rrosive solution, such as aluminum sul 
phate ferrous or ferric sulphates, et 
whrane Corp., 17th A tllecghenu Lie 


ilade lphia, Penna. 




















The DECADE BOX 
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7 
REENOHMS 
* BAL 
© Soy) 
’ Ley 
* 
Max 
N 4 N 
\ N 
: N i \ * From “The House of Resistors’ comes the very thing you labora 
: \ N tory workers and engineers have been waiting for the Clarostat 
. * Power Resistor Decade Box. Handles real Power. Simplifies and ex 
Hand frosted ‘ pedites selection of correct resistance values for any circuit or work 
Ft 1 ing condition. A handsome instrument truly worthy of a place in 
D every well-equipped laboratory or engineering department 
*% Write for descriptive literature. 
» 
Batlle plat ng Co. 
" 285-287 NORTH SIXTH STREET 
Meas ” Rl,’ BROOKLYN, WEW VORK, U.S.A. 
\\ ® OFFICES IN PRINCIPAL CITIES 
OIL- TAR-AMMONIA 
od V4 YD, 
= 
— 
— 
—_— 
—_ 
ss 
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Write f Pu it 0 


COCHRANE CORPORATION @ 3120 N. 17th Street, PHILADELPHIA, PA. 


FILTERS +» BLOW-DOWN EQUIPMENT + VALVES + FLOW METERS 









































DEW POINT TESTER 
FOR HIGH PRESSURE GASES 


Bureau of Mines Type 


Simple to operate and 
accurate in results. 


This apparatus for the accurate 
determination of tie dew point 
of gases under pressure was 
developed by the Bureau of 
Mines and is described in its 
Report of Investigations 3399. 


Manufactured and Distributed by 


The REFINERY SUPPLY CO. 


63! E. 4th Street Tulsa, Okla. 
1309 Capitol Ave. Houston, Tex. 


Write for literature. 











TETCO 


Speed Recorder 





Creates a permanent time rec- 
Accu- ing, 


ord on a waxed chart. 


rately records rate of produc- 
and duration of 
stops, total quantity produced. 


tion, time 


The Electric Tachometer Corp. 
1358 Spring Garden Str., 


Philadelphia, Pa. 


Projection Instrume; 
and Range Selector 


Illustration shows a_ typical 
tained on screen with new “Mod: 
jection Instrument’’—not instru: 
Chief purpose of new device is t¢ 





large indications visible to lecture 
other applications are routir 
technical displays, etc. Basi 
ment, with a maximum of. thres 
tained ranges, can be used for direct 
urement of d-c. currents up to 10/ 
d-c. voltage up to 150 volts. Furthe) 
sion of these ranges can be obtained t} 
use of external shunts and multiplier 
cial scales can be supplied for measu 


diences ; 




















REX RHEOSTAT co. 


37 W. 20th ST., 
NEW YORK 





TEST MAGNETIC PROPERTIES 
OF YOUR STEELS 





PHE ONLY SINGLE BUTTON BLEC- 
TRICAL RETURN FLUAME TER 
SIMPLEST AND MOST EFFICIENT 
Bulletin 504 
THREE DIFFERENT STYLES 


Portable Standard with single electrical zero 
return 

Switchboard Type with above zero feature 
located on flexible lead for bench operation 
Iwo Button Pointer Shift in place of our 


patented standard zero return at a lesser cost 


j j 
tcknowledged leaders in 


development f bigh sensitivity meters 


RAWSON ELECTRICAL 
INSTRUMENT COMPANY 


110 POTTER ST CAMBRIDGE, MASS 
Branch: 15 East 26th St.. New York City 
Representative: E. N. Webber 
4358 W. Roosevelt Rd., Chicago, Ii 





of resistance, capacity, noiss , 
levels, and other specific application 

12” universal instrument, when ust 
junction with the “Model 9964 Rang: 
tor,” provides 30 a-c. and d-c. current 
voltage ranges. In addition, basic instr 
can be used in conjunction with t 


converters for measurement of 


T it any frequency with copper-oxicde 
es 8 8 fiers for measurement of a-c, voltag 





thermocouples or in a resistance bt 
done WITH NO MENTAL HAZARDS. temper ios indication with current 
The SCLEROSCOPE has done it for voltage generating devices suct 3 | 
the past 30 years. cells, small generators, ete., for 
ment of foot-candles, rp.m., fi] 
In general use Model 525 consists of a permanen 
for specification moving-coil instrument mechanis 
. in a cast aluminum housing 4°.” higt 
purposes. Sim- thick and 9%,” long. Any projector w 
ple, sturdy. will accommodate a slide holder 1 
Comparatively ind 43,” high will be satisfactory. I 
inexpensive. work, images of 3 to 6 feet will be } 
with normal room illumination. Sides 
strument housing incorporate ooling 
Illustrated for the dissipation of heat under 1 
bulletins conditions. (A special projector, incor] 
free. ing a fan for additional cooling, is 
able.) Weston Electrical Instrument ¢ 
591 Frelinghuysen Ave., Newark, N J 


The Shore Instrument 


& Mfg. Co., Inc. 


9025 Van Wyck Avenue, Jamaica, N.Y 





Writer and Photographer wanted for 
regular part-time work 





(1) articles on photography—neu | 
amateur gadgets, new devices | 








* NATION, AL 


RHEOS STATS a 


Ask for Catalog No. 5 
National Electric Controller Co. 
5317 Ravenswood Ave., Chicago, III. 


amateurs can make themselves 
(2) articles on bomecraft 
articles on Popular Science 
articles on new instruments 


any description. 


Box 50, INSTRUMENTS PUBLISHING C 
1117 Wolfendale Street, Pittsburgh, Pa 
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Save Money with VARI-TYPER 


Thousands of business organizations are saving 
using the Vari-Typer . . . the composing be \ 
with changeable faces and spaces. This office machi 
duces composition and printing costs for statistic il t 
brochures, charts, bulletins, catalogs, etc., for 
Mimeograph or Offset reproduction. Investigate 
mendous Savings possible in your business. 
@ WRITE TODAY for new demonstration port 
folio How to Profit by Using Vari-Typer 
with actual samples of work produce« 


RALPH C. COXHEAD CORPORATIO! 


Manufacturers of Vari-Typer 


333 SIXTH AVENUE NEW YORK C 





















Application of Automatic Contro 
Instruments to Diesel Engines 


By GEORGE B. BAILEY 


President, Thermal Engineering Co., Boston, Mass. 


4 1warded a Fourth Prize in the 
w NTELLIGENT application of automatic recording and 
+ controlling instruments to the Diesel engine may well 

lay a most important part in its future development, 
has in the past for the oil-burner, air-conditioning, 
‘igeration and other industries. This forecast is based on 
results obtained in applying control instruments to 
veral Diesel power installations in recent years. 
Until a few years ago the heavy, slow-speed Diesel en- 
ne was the only type available. The builder of this type 
f engine had developed an excellent and dependable, al- 
though rather expensive and inflexible unit. Over a period 
f four or five decades, little headway had been made in 
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Fig. 1 


its application to other than made-to-order power prob- 
lems. If any degree of flexibility was required, due to 
varying load conditions, or if even a reasonable stand-by 
capacity were important, the slow-speed Diesel engine did 
| not fit into the picture because of its high first cost and 
its poor efficiency under low-load conditions. 

The standardized multi-cylinder type of Diesel engin 
developed for the transportation field seemed to overcome 
many of the objectionable features of its slower speed 
lecessors. lis governed speed adjustable 

range and its operation was smooth and vibration 
less over the full speed range. Its electric starting equip 
ment was adaptable for remote and, therefore, automatic 
control. Its light weight eliminated foundation problems, 
and its first was because of production 
methods. 


j prec 
wide 


Was over a 


cost reasonable 
, Not only was the higher speed Diesel far more flexible 
than its predecessor, but applied to loads within its capac- 
ity it soon proved itself to be equal in efficiency and gen 
eral performance. But here, too, its use seemed to be lim- 
ited to application to loads within its capacity 
although it had long been recognized that multiple-unit 
application would be extremely advantageous, there wer: 
mechanical and electrical complications to be overcom: 
before multiple operation in parallel was practical. 

It became increasingly apparent that multiple applica- 
tion of the standardized higher speed engine offered che 
best solution for many power problems, particularly so with 


because, 








First 
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alternating-current generating plants. It only remained 


to develop a control that would regulate the loading of the 


individual units, prevent “hunting”? of the governors, and 
simplify the synchronizing problem so that little or no 


manual attendance was This at first seemed to 
be quite an order but the solution proved to be 
forward application of standard control instruments. 
The a-c. generating plant problem which not only pre 
cipitated the use of the standard 
led to the development of a fully-automatic power plant, 
which the application of four engines was ob 
best solution. It was decided that in 


necessary. 


a straight 


control instruments but 


Was one to 


order to 


viously the 


\ EXHA 
TEMPERATURE 
BULB CONNECTION 





, 


Fig. 2 


cut down electrical complications, only two alternators 
would be used, these alternators to have double-extended 
receiving drive, through 
of the four Diesel 
generator manufacture? 
eration would not be 
the engines were tied together or 
This led to 


involved, 


shafts for clutches, from eacl 
end by 


The 


one engines. 


cautioned that parallel oj] 


‘ 


satisfactory unless the governors of 


controlled in some man- 


ner. a careful consideration of all the facto 


one of which soon stood out as being a logica 


control medium for an internal combustion engine; i.e., the 


1 +i) 
il 


because it is at all 


exhaust temperature; es a close 
dication of the load as shown in Fig. 1. 

The idea of using the exhaust temperature for control 
purposes was the nucleus of what finally became a full 
automatic multiple-unit Diesel electric generating plant 
It had been considered not only important but absolute 
necessary to divide the load evenly betwee! re OuUs 
prime movers or units when operating in parallel. The 
reason for this was to prevent any unit fro king mo? 
than its share of the load, or overloading, and to preve1 
cross-currents that might flow in the event that one of 


prime movers should be driven by the others, etc. 


’ - ’ 
oading on 


Because the any one oi the prime move} 


was reflected by its exhaust temperature and, therefore, 
could be controlled, it was decided to break precedent D 
oading one engine up to the point of maximum efficienc: 
before startine to load the next unit; and so on. Due to 
experience with the same instrument in the drying and 
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fields, it 
recorder-controlle 


Lir-conditioning was only natural that the air- 
operated was chosen as the control in 
trument. Results have proven that this highly-developed 
ndustrial instrument lends itself perfectly to 


cation. 


this appli- 


The first commercial installation was a plant similar to 


Fig. 2. It consisted of a double-ended alternator connected 
through overrunning clutches to the two Diesel engines. 
These clutches allowed either of the engines to operate 


dual 
air-operated temperature recorder-controller, with a 
0-1000°F., was built into a cabinet along with 
other supplementary instruments. Two stainless steel bulbs, 
one for the exhaust of each engine, were used, 


and to be controlled independently of the other. A 
type 


range of 


along with 
sufficient cable length to provide for locating the cabinet 
at a convenient point adjacent to the unit. 

The unit right from the start. Typical! 
charts are shown in Fig. 3 and serve to illustrate the 
excellent coutrol that is obtained. Manual attention is prac 


Was a success 


daily 


tically eliminated except for a routine daily 

exhaust logs 
of each engine operation and reflect every load change. As 
there is a 24-hour load on this plant. During 
the night there is only sufficient load for one engine, the 
remaining idle. Just 8:00 the load on 
continuous results in the 
point, at which 
automatically 


inspection. 
temperature records serve as exact daily 


ndicated, 


othe before a.m. 
tne leading or 
exhaust temperature 


the 


running 
the 
following 


engine 


reaching control 


time second 01 engine is 


started and controlled. Both engines are required for the 
aay load, although occasionally the second engine drops 
out at noon-time. 

It is to be noted that load on the continuous-running 


or leading engine, as reflected by its exhaust temperature, 
remains constant during the period that it is controlling 
the following engine, the torque exerted by the latter tak 
all of the load. This results in a 
practically constant speed, whereas if the two governors 
operating has been the practice, 
would be constant variation in the speed with every 
the load 


ng up variation in the 


were independently as 
there 


variation in 
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Fig. 4. A, B—Exhaust temperature bulbs; C—Dual type temperature 
corder-controller; D, E—Diaphragm motors commanding engine gov 


nors; F, G—Pressure switches to engine-starting motors; H—Air sup 


The general arrangement of the control system is show: 
in the diagram, Fig. 4. Pneumatic switches marked “lead 
and “‘follow’’ are provided, by means of which eithe: 
the two engines can be the leading engine, with the ot} 
engine following. The diaphragm motors are connected 
the governor adjustment lever, through which the torqu 
exerted by the following engine is controlled by the ey 
haust temperature of the Each 
equipped with a 24-volt electric starting system which 
arranged for automatic starting through a simple pressur 
switch, also actuated by the controlled air pressure fron 
the controller. 


leading engine. engine 


mal 


This tvpe of control, in a modified form, has been ap 
plied to a number of different problems since the origina 
installation. An automatically balanced steam and _ Diesé 
unit has been in operation for over two years, in whicl 
the exhaust temperature supple 


mented by a standard pressure controller, Another instal 


recorder-controller was 


lation involved an automatic Diesel pumping unit, Fig. 5, 


where both capacity and pressure were controlled. Also 
another modified application of the recorder controller 1 
plant has resulted in even mor 
do the various units start 


speed also becomes a functior 


a direct-current generating 
flexibility, in that not only 
stop as required, but their 


ane 


of the load. In fact, the potential field for this and othe: 


Diesel and gas engil 


instruments applied to 
unlimited. 


control 

seems to be 
There is practically no limit to the number of the stand 
ardized Diesel may be operated coo} 


eratively in parallel, with perfect assurance that little o1 


or gas engines that 


) 





| 
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attention will be required by this relatively simple 
ation of standard instruments. Such a plant offers 
iximum in flexibility, efficiency and reliability, along 
first maintenance and attendance. 


inimal cost, 


Therefore, the multiple-unit Diesel power plant may wel 
be the plant of the future, in 
automatic contro] instruments must necessarily play a most 
Important part. 


Diesel power which case 


Steam-engine Indicator Adapted to 
Record Differential Pressure 


By WILLIAM B. HESS 


Test Engineer, Safe Harbor Water Power Corp., Conestoga, Penna. 


fivarded a Fifth 


Prize in the Fi 


STEAM engine indicator converted to record differ- 

ential pressure is described herein. The pressures ex- 
4 ceeded those normally encountered in the use of 
tandard differential pressure instruments. 

[he necessity for this particular device arose when in- 
vestigations were under way to find the forces required to 
perate the runner blades of a Kaplan turbine under con- 
litions of sudden load application and rejection. The blade- 
operating servo-motors are 68” in diameter, stroke 11.5”. 
These servo-motors control the pitch of five blades of a 
Kaplan turbine runner 220” in diameter, rated at 42,500 
h.p. under 55’ head. 

The fluid medium is oil under a pressure of 200 |bs./in.°. 
At times, the maximum differential may equal this value, 
therefore this possibility eliminated the use of standard 
differential gages then available. No instrument for record- 
ing differential pressures up to 200 lbs./in.? could be found 
at that time. The pressure phenomenon that occurred dur- 
ing these tests was too fast to accurately determine iden- 
tical points when using individual pressure instruments on 
each side of the servo-motor piston. Several different meth- 
ods along this line were tried, as follows: (1) two ordinary 
Bourdon tube gages; (2) two separate steam engine indi- 
cators; (3) two recording pressure gages. In all of these 
methods one instrument was connected to the side of the 
piston requiring pressure to open the blades, the second 
instrument being connected to the opposite side: that re- 
quiring pressure to close the blades. 

After the above-mentioned methods failed to give the re- 
quired information, one steam engine indicator was aitered 
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so that differential pressure across the piston was recorded 
on the regular indicator card inserted in the usual manne} 
on the card drum. This conversion was made in the follow 
ing manner: The existing drain holes that normally carry 
away leakage past the piston were closed; the top section 
of the cylinder was drilled through and tapped for a pipe 
connection; a small packing gland was installed around the 
piston rod to reduce excess leakage and this gland was 
adjusted to minimize friction on the rod. With this arrange 
ment it was possible to admit pressure to both sides of the 
indicator piston. The instrument was mounted on a steel 
block so constructed that tubing or pipe connections could 
be made easily. (See Fig. 1). As an additional feature, a 
small solenoid and pen were attached to record one-second 
impulses from a contact timer. 

The gage was calibrated by means of two Crosby gage 
testers. Naturally the piston rod on one side of the indi 
‘ator piston reduces the area and hence the pressure read 
ing. However, when used on tests, two identical runs were 
made on each test, the pressure connections being reversed 
on each run. 

For this investigation the gage was mounted at a loca 
tion such as to have a minimum amount of piping and still 
be in a position to readily attach a cord to produce travel 
of the indicator card drum. When measuring blade servo 
motor pressures the gage is mounted on the Kaplan head. 
From this location a short and simple piping arrangement 
is required and drum travel is obtained by passing the cord 
over a sheave mounted on the blade position indicator shaft. 


‘ 


A test set-up is shown in Fig. 2. 
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“WE WILL PREPARE.” 











“WE WILL HELP YOU 














“SEE THAT CLOUD, SON ? 
IT MIGHT GROW INTO 
A STORM THAT WOULD 
CRACKLE AROUND OUR 
HEADS. BUT WELL BE 
READY FOR IT—IF IT COMES. | 
WE'LL HAVE TO WORK FAST. | 
BUT TODAY INDUSTRY 
CAN DO IT,” 
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cays American Industry 





PREPARE FASTER.” says Taylor 





Today’s industry can do its bigger job of national pre- 


paredness faster than industry of a generation ago could 


hope to—with the aid of Taylor Instruments which today 


provide precision control that was not possible then 


MERICA’S Peace and Security 
A Must Not Be Endangered! You, 
and you, and you—makers of ma- 
chines, weavers of textiles, canners 
of food, providers of power—must 
be prepared. You are America’s de- 
fense. You must be ready for faster, 
larger production. You must be ready 
for more efficient, economical opera- 
tion of your plants and factories. 
Our national need is speed. 

In a similar crisis, a generation 
ago. Industry carried out a great 
preparedness program successfully. 
Butit was not easy. It took too long. 

Today, Industry’s shift into high 
vear should be far easier and faster 
than it was twenty-odd years ago. 
lor instance, American Industry to- 
day has the help of many Taylor 
Instruments that were not avail- 
able in those days. 

For much has been happening at 
Taylor Instrument Companies in 
the years since that last time Indus- 
try was called upon to “Be Pre- 

wed!” Taylor research engineers 





have been busy. With the experience 
of almost ninety years of instru- 
ment-making to guide them, they 
have perfected instruments before 
thought impossible. 

So, here in this 1940 time of need, 
American Industry can confidently 
promise to produce faster because 
Taylor Instruments can help to con- 
trol vital processes in production, and 
automatically guard essential opera- 
tions. American Industry can give 
assurance that it will step up textile 
production, power production, pe- 
troleum production, food processing 
—with the knowledge that Taylor 
Instruments in plants and factories 
are a vital help in guaranteeing 
safety, no matter how frantic the 
speed required. 

Take the amazing new Taylor 
Fulscope Controller as only one out- 
standing proof. It’s a completely 
new instrument for all industry. It 
helps to make the operations in your 
plant—whatever you manufacture 
or process—as exact, as foolproof as 
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scientifically possible. The Fulscope 
Controller stands constant guard— 
controlling, recording, preventing 
slips or sloppiness. Its unique range 
makes it actually five controllers in 
one—a multi-use efliciency expert 
without human failings. 

And the Taylor Fulscope Con- 
troller is only one name on the 
Taylor roll-call of instruments to 
help Industry. No need to list all 
the others here. Some of the most 
useful have been specifically created 
for the particular requirements of 
particular industries. Your own in- 
dustry, perhaps. All of them have 
been designed with a single purpose: 
better, faster, industrial production 
at lower costs. 

Preparedness can’t wait. This 
country can’t afford industrial log- 
jams. There’s a huge job to do, and 
it must be done now. Taylor Instru- 
ments will help to see that it is done 

.- Taylor Instrument Companies, 
Rochester, N. Y.. Toronto, Canada. 
and London, England. 
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By M. G. 


Chemical Engineer, Westvaco Chlorine P 
Lwardec Fourth Prize the Fi 
ASE in operation of a new Pacific Coast plant for the 


bittern 
on having available 


production of magnesium oxide from sea-wate} 


depends to a considerable extent 


A Sensitive Method of Flow Contro 






MASTIN 


roducts Corp., South Charleston, W. Va. 
Inst 


st Annual rumentation Contest 


air-operated controller, a low-range manometer as it 


suring element, as shown in the accompanying: diag 


] 
I 


Liquid flow is through the controlled valve to tl 


ins for closely controlling the flows of the various brines tank where it passes through perforated plate baff 
which serve as raw and process materials. The apparatu- — —-mooth out turbulences, and then over the measuring 1 
finally adopted after several experiments so well wore the The bubbler tube extends under the surface of the 
purpose that it seems worthwhile to describe it briefly, ang js adjustable vertically in increments of 1.50 
pecially as the accuracy of the method considerably ex- clamping device not shown in the drawing. At its 
ceeds that obtainable by the usual methods of flow instru- position it is exactly 1.50” above the apex of the V 
ern The head required to bubble air through the liquid is 
The four brine flows and one water flow involved vary applied to the right-hand leg of the manometer in th 
from 100 to 500 gallons per minute depending on pro- troller, the other leg being open to the air. If this } 
duction rates and are therefore large enough to require varies, the controller operates to shift the valve posit 
ather expensive meters of the displacement type. Fur- in a direction which will correct the change. The am 
thermore, as no brines are free from small amounts of of air to the bubbler tube is controlled by the needle 
suspended matter, such meters require frequent cleaning to a flow of two or three bubbles per second. The bubt 
n order to maintain their accuracy. Orifice meters are tube is 4” O.D. copper tubing cut off square at the e1 
ubject to the latter objection also, and although there are and is maintained in a vertical position. If turbulenc 
now orifices that can be cleaned without removal from the the liquid surfaces are encountered, as from surging 
flanges, it was decided to use weirs with V-notch orifice wind, a stilling well around the bubbler tube would 
plates for the measurement of the various flows. The helpful. 
V-notch has the advantage of being visible, for inspection, _ 
and is also readily cleaned by wiping with the finger or a Accuracy—The chart used has a 5 scale, reading fror 
piece of soft wood without interruption of the flow. Its to 2.5” of water column. Each scale division measures ( 
accuracy is thus maintained with the great . and corresponds to 0.05" of wat 
est simplicity. Properly made notches are as ws ig column. rhe pen normally makes 
accurate as the _ best = ] 7 line about 0.012” of water colun 
orifices, and their chat Pf wide, if that term may be used, but at 
acteristics are well Head-Measuring Air  <_» om th ie gg times when the pen is nearly dry, al 
known a hs a fine line is being drawn, it is evident 
ess LJ that control is being had within about 
L a $ 0.005” of water column. With a 90 
‘ a - mn ae notch, when h 6.0° the flow is 20( 
4 2 /Supply g.p.m., and each 0.005” change corr 
This Manometer Leg . |e 74) sponds to slightly less than 0.5 g.p.1 
Open To Atmos | 7~ The flow at this level, therefore, is b 
Saictietine ttn tien x '] ing controlled with an error of about 
F a ic : [ 4 | 0.25%. At smaller heads the error 
; Wa : ‘ less and at larger heads it is greate 
{ Taylor Recorder - Controller Pressure changes in the liquid su} 
¢ é ; ply line do not appear to affect 
J P y | \ the accuracy, as shown by hook-gage check tests on lev 
- - Ap : variations. If notches less than 90° were to be used 
{ v changes in flow would be accompanied by relatively great 
1 Pr > er changes in head, but as the control of the head by 
J 1 J manometer of a given range is always of the same magi 
[ tude, the control of flow over a narrow notch would bi 
eae accurate within narrower limits. Also, with a given not 
= ~ y 4 . a 1” manometer would give closer control than a 2 
< . ; ‘ : manometer, but would control over a narrower range 
head variation before the pen would get off the chart 
It had originally been planned to use level recorders as De pendability—Aside from failure of the air rupply, the 
fiow-meters, only, in the usual manner with V-notch meters. is not much chance of control failure. The brines on whi 
but investigation revealed the possibility of controlling the these meters are used are lightly under-saturated, b 
lows as well as metering them. Several instrument com nevertheless, a deposit of salt gradually builds up in t 
panies would guarantee to maintain levels. but not within bubbler-tube in such a way as to restrict the opening. | 
mits closer than & whereas, in order to get an ac allowed to continue, this stoppage acts as an increase 
curacy of 1‘ in flow at 200 g.p.m. over a 90° notch, level and the diaphragm valve gradually closes until fl 
we needed to control our level within a range of about ceases without giving any chart indication of this cond 
0.025 Floats linked with the inlet valve were tried, but tion. This is overcome by running a wire up the bubble 
t was found that small changes in liquid level above the tube once a day, as a matter of routine at the time t! 
notch were insufficient to overcome friction. Finally, it charts are changed. It has also been found advisable 
was found possible to measure extremely small level flush the valve-body with water about once a week, becau 
changes by measuring the pressure necessary to bubble a with steady flows there is little valve movement, and salt 
small stream of air below the liquid surface; and it wa tend to accumulate around the moving parts. With wate 
then but a short step to apply to the system a standard flows, neither of these precautions is necessary. 
*Residual brine f f f) , Fle ribility It is obvious that this method of flow cont) 
by solar evaporatior can be applied to nearly any liquid flow that can be handl 
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no matter what the size. Manometers are common- 
from a range of 100” down to 1” of water col 
d there is no reason why a range of 0.1” could not 
i, if desired. Notches of any angle or shape, or even 
notches in one weir, can be employed. If a para- 
‘tch is used, inches head is directly proportional to 


ie 


flowing. 

tivity is also adjustable over wide limits—a desi) 
eature. Although all five weirs are the same size and 

and have the same baffles for prevention of turbu 

t was necessary to vary the location of the bubbler 
vith relation to the inlets in some cases. It was found 
vo of the weirs were particularly liable to start surg 
it this was remedied in a moment by decreasing the 
tivity from “Low F”” to “Low H.” No apparent decrease 
curacy resulted. 
inge of flow is readily obtained by changing the con- 
point at the instrument. Response is immediate, and 


if sensitivity is correctly adjusted, there is no, or very 


little, hunting. If the new flow is outside the chart rang 
the bubbler-tube is adjusted to the next higher or lower 
position, as the case may be, and this fact is noted on the 


chert for completion of the record 


Sin ) ldvanta S 3 \ 

ontrol better than t s l etl » 4 l 
tlor 1 te nd for ir flow t n Ww { I ! 
{ lsplace nt n te witl ut I ntr uit ( 

ller is air-sealed from cont l | lid, t I | nt 

Sion f instrument (4) 1 t f flow ne ! 

t nstru nt ( ) \ u f teri: j 
readily maintained without interrupting flow. Cor t 
Visible at all times. (6) Applicable to liquid f any t per 
below their boiling points ind to liquid whi \ t 
least 10 times that of water ( ) Apparatu i | pl 
inderstood, (8) Practically no limit the ite low 

esired to control, (9) Controller can be pla 

th Well na ither ab ea “ t 
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Remote-control Instrumentation 


By F. ROONEY and C. ROMANO 


Westvaco Chlorine Products Corp., Newark, Calif. 


fiwarded an Honorable Mention in the 


NUSUAL problems called for unique methods of in- 

strumentation in the design of a new plant for proc- 

essing sea-water. The near saturation saline charac- 
teristics of concentrated sea bittern made the use of any 
rrdinary type of liquid meter definitely impractical both 
from the standpoint of accurate processing as well as con 
tinuity of flow. One problem was essentially as follows 
(refer to the accompanying schematic flow sheet): 

Bittern from process “A” is run into a pond reservoi! 
“C” of limited capacity, thereby temporarily retaining a 
desirable heat content. If not used within the time limit of 
ts capacity, it is automatically pumped into a much larger 
reservoir “D” with a consequent loss of available heat 
content. Process “B,’”’ which is inoperative part of the time, 
ises as much bittern from “‘A” as is commensurate with its 
desirable heat content and certain other undesirable char- 





Process Reservoir 


Pump or 
Float Switch FE 
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The type of control system finally worked out is shown 
in the accompanying diagram. It consists of a Taylor “Ful 
scope” indicating controller “H” and a diaphragm valve 
“KE” with a “Valve-Precisor” and single response. It was 
not necessary to have a recording system since the level 
in reservoir “C,” which is, of course, a function of the 
amount of diaphragm valve opening “E,” is visible from 
process “B.” Thus, the level in “C” is held within tolerance 
limits by means of controller “H,” which in turn does not 
create any violent fluctuations in pressure (load) to control 
valve “G” regulating volume flow to process “B.” Disre 
garding the impracticality of any type of manual control 
for such a process, one can imagine the amount of footwork 
saved in periodic 150-yard sprints to the splitting Y 

A large range of sensitivity adjustment on the controller 
“H” enabled us to find the best instrument control point 
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cteristics. Under ordinary circumstances this means that 
art of the bittern from “A” will be directed into “B” and 
e rest diverted into reservoir “D.” In order to prevent 
reservoir “C” from either overflowing to waste or from 
iropping to too low a level (and thus interrupting the con- 
nuity of process “B”), it is readily seen that a nice bal- 
ince must be maintained between (1) the fluctuating bittern 
upply from “A,” (2) the level in “C,” and (3) the variable 
lemands of “B.” At the same time any type of control valve 


“Ek” splitting and balancing the bittern from “C” between 
“B” and “D” must not be allowed to hunt, for hunting 


would cause variation in pressure (load) to control valve 
G” regulating volume delivery to process “B.” Control 
alve “G” is regulated by a separate instrument “J” (liquid 
‘vel control to a 90 V-notch weir). 

To further complicate matters there was the problem of 
ntrolling valve “G” from a distance of approximately 150 
ards, necessitating an excessively long diaphragm air sup- 
ly line; and then there was the ever-present problem of 
aline deposition in the valve seats. 

These problems called for excellence of instrumentation 
trol if an uninterrupted process “B’ were to result. 


ee Reservoir 
l Air-operated D 
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for balancing “C,” “B,” and “D,” and at the same time fully closed position. This tests the response of the 
ynchronize with the control point setting of controller “J.” repositioning. 





The performance of the “Valve-Precisor” on control valve Worry over the extreme length of the control 
“KE” proved to be satisfactory under conditions which were line from “B” to “E” proved to be groundless. 
known from long experience to be extremely difficult on all changes necessary after the original installation 
types of bittern line constructive devices. The “Valve- cut the line in several places and insert water tra 
Precisor” enables the diaphragm to command the entire air drained at intervals. Under different conditions of } 
ine supply pressure, if necessary, to correctly position the in other climates it is conceivable that excessively 
control valve. This is necessary where saline deposition lines would give some trouble. 
builds up on the valve parts. The control valve as installed We may sum up this problem as being one of t 
if of such capacity that it only necessitates periodic (but trol and balancing of inter-related processes situat 
not frequent) clean-outs of deposited salt before it reaches’ distances apart and entailing the handling of sa: ; 
constricting valves. As a matter of operating technique, saline solutions. The type of instrumentation evo 
the diaphragm-motor pressure is purposely momentarily meet this problem is submitted with the conviction 
fluctuated a number of times every day from fully open to use will find more general application. 


A System of Interlocking Air-operated 
Controllers Applied to Oil Cracking 


By SELIG H. ISAACS 
Instrument Engineer, Latonia Refining Corp., Latonia, Ky. 


ded a Hor thle Wer 0? 1 he First Annual Instrumentation Contest 


N the operation of a certain type of oil cracking unit Fig. 1 is a flow sheet of that part of the process to ¥ 
the problem arose of controlling the top temperature of | the control system had to be applied. From this figure 
1 distillation tower and the liquid level and temperature obvious that sufficient liquid must be maintained in thi 


icccumulator automatically with a single stream of cumulator (item 3) to give the high-pressure pump | 
This operation had previously been carried out manu 1) full suction. Item 4 is a steam turbine driven centrif 


pump discharging at 1250 Ibs./in.- from 10,000 to 18 
gallons per hour. This discharge flow is maintained 
stant at any point in the above range by a “Stabilog” 

controller. In order to satisfactorily control the temperatu 
i of the oil Jeaving the heater coil to which item 4 discharg 
: the temperature of the oil in item 3 must be reasor 
| ea em constant. It is, furthermore, fundamental to the ope 
q 





f the succeeding distillation process that the overh« 


a vapors from the primary distillation tower (item 2) be 
/ y BL OCH VALVE uniform and constant composition and temperature. 
wi as sc : 3 When on full manual control, it is necessary for the 
ACCUMULATOR erator to adjust the speed of the pump (item 1) and 
Fic / opening of the block valve (item 5) to the exact balan 
point for correct top of tower temperature and correct 
Se cumulator level. A change in steam pressure on the st 
prciulaee bepron sit ie end of item 1 immediately puts less material to bot) 
saa ase ‘ 4 aaa tower top and the accumulator. This allows the tempé 
ture of the top of item 2 to rise, changing the compo 
Fig of the vapors to the remainder of the distillation syst 
aa | - and allowing less material to fall to the accumu 
D4BORO STA } through the primary tower bottoms because of the increa 


7 i WAIN 6 2 vaporization. This adds tu the loss sustained by the lowe 


flow through the block valve and the accumulator leve 


“i - 
wre. gins to recede. Similar examples of other and more « 
. plicated upsets could be assembled to show the ( 
' ; _ of automatic control. 
/ ea By fe1so% m H in F -* a ap gat — atic contres he Y rs ; 
, } portion of the unit, including three controllers and 
controlled valves, is shown. Note that, though the Fox! 
J Company’s “Stabilog’’ equipment is herein specified 
' 9 referred to, this has only been done to make clear the 
19 ae \ type of controller necessary. Equivalent equipment 
, of a number of manufacturers would be equally app 
“be “ : 4 . To follow through the operation of this control sy 
, let us assume that the Flow “Stabilog’ with “Stab 
mechanism (item 10) is set at some predetermined 
ficulties attendant upon such hand control his will deliver to the three-way “Stabiflo” Valve (iter 
ippsrent Trom a study of the process. Serious a constant volume of fresh feed to be split to the 
e entire system ca) isily be brought about by and the accumulator. Item 6. a Potentiometer “Stab 
e slightest neg n the part of the operator or by has its thermocouple inserted in the overhead vapors 
bility t nstantly analyze the ultimate effects of a from the primary tower and its diaphragm-motor al 


ma inge conditions to the three-way valve. This permits the exact amount 




















al required to hold a constant primary tower over- 
temperature to pass through one discharge port of 
ree-way valve, and the remainder to be automatically 
ed to the accumulator. Should the arbitrary rate of 
set on item 10 not be correct to maintain an average 
in the accumulator, the averaging type liquid level 
log” (item 9) will reset the control point of the flow 
ler through its “Stabilset’” mechanism to give the 
et flow. The differential type of liquid level measure- 
is felt desirable in this system for various mechanical 
ns. Since the averaging type liquid level controller 
nake comparatively slow changes in the control point 


since the amount of material required by 


10, and 
the top of item 2 will be fairly constant, or will in any case 


of item 


vary gradually, changes in the amount of cold material 
(i.e. fresh feed) to the accumulator will be gradual and 
oe : . 

will therefore make only slow changes in the accumulat 


nature as lt 


Out 


temperature. These changes will be of such a 
have little upsetting effect on any 
ture Controller which used in 
high-pressure oil heater following item 4. 

Thus the problem of controlling the top temperature of 
a tower and the liquid level and temperature of an accu 
mulator with a single has 


Transfe1 Tempera 


may be connection 


strean been solved 


An Unusual Temperature-controller Jo 


By V. H. HIERMEIER 


Instrument Dept., Shell Petroleum Corp., East Chicago, Ind. 


Licarded an Honorable 


N that temperature is controlled by a temperature con- 
troller, the application described herein is ordinary. How- 
er, it is seen to be unusual when its important place 

1 complex array of inter-related processes 

ed. The recording temperature controller, potentiometer 

pe, in the upper right hand corner of the sketch, controls 

temperature of the top of the main fractionating col- 
in. To show the unusual job this control has to do, we will 
ace what would happen without it. 

First, we assure that the top temperature on the 
fractionator has gone up several degrees. To overcome this 

need more reflux. Thus the discharge pressure on pump 
A” is dropped slightly, causing a surge in the main re- 
ceiver, as the level is dropped due to the lower back 
ure on the discharge of the level control valve. When this 
inside the main receiver it momentarily drops 

pressure in this vessel. 
Since about 30° of the liquid in the main receiver comes 
pre-fractionating column through its 
evel control, the discharge on that control valve will drop 
due to the lower pressure in the main receiver, or the point 
f about 30° discharge. Some of the remaining 70‘ is 
used as reflux to the pre-fractionating column. 

As we aiso have a control valve on this line, its flow will 
be changed due to the lower pressure on the dis 
charge of pump “B.” This pressure drop will 
decrease the reflux to the pre-fractionating col- / 
imn, allowing its temperature to rise, thus de- 


is appreci- 


main 


pres 


kes place 


from the receiver, 


Vention in the 


f CHARGING 
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As the rate of reflux decreases in the pre-fractionating 
column and the top temperature rises, the pressure will d 
crease momentarily in the column, which tends to set up a 
surge. Since we have a level control on this column wit} 
the control valve in the discharge of pump “C” from stor 
age, we find, in cutting che reflux, and decreasing the 


} 


pressure on the column, that we also lower the discharg: 


on the level control valve allowing more liquid to ente 
column. Thus anothe surge 1S Started. 

Since the charging pump “D” takes suction from the 
bottom of the pre-fractionating column, at the rate of ap 
proximately 250 gallons per minute controlled by a rat 
of-flow control, actuating the speed of the pump, it 
readily seen that the pressure, at the point of suct 
should be practically constant. Assuming that the pressur 
in the pre-fractionating column is not constant is be 


previously pointed out, the rate-of-flow conti grovern 
: 


the speed of the charging pump, wil 
for ch 


vary the rate of 


ments anges in the pre-fractionating column. 


will flow through the furnace, thence io 


main fractionating column—the pcint at which the fi 
upset took place—tending to continue the upset « ¢ 
It has been proven that, by holding the top temperature, 
on the main fractionating column, within lo F. of the 
control point, the rest of the controls be able to 
= properly take care of their respective jobs. But if 
sy the cycle is started as described, it is practi 


impossible to expect a uniform product. 





creasing the flow in the STOCK 
of the pre-fractionat- in, yp 
ng receiver. This action 8B . af 
g 0 Lage 90 Scene poereorea ee 
turn allows the pres- ent " ac! fi cipcgeien yoche ‘aad 
sure to decrease slightly | r' > wary ee 
7 / ‘ ~ 
n this vessel. ’ | -_ 400" } { 
« pak 
I,¢ : 4+ : 
AT EXCHE te | i — " a goo" ea 
LEVEL u eet. > ee ae 
CONTROL | cowo & 
“CS = > ° ©) [> 
+> e j ‘ ed 
hoe __¢ > TEMP. CONTROL ° \ = 
ze { > | FPS rme* Papers. 
; ~ | , JOVAILVE Svepey 
Pa i é REFLUX POSITIOWER 
205° | bs 
C WeReG E q 
PUPP 


a 





p V RAFAL E 








Relative Volumetric Gas Analysis 


by Cascaded Absorption and Oxidation and Pressure Recorder 


By SHERMAN CHASE 


Steam Engineer, Carnegie-Illinois Steel Corp., South Works, Chicago, III. 


| led a Fift Prize in the Ff 


ORRELATION of gas analysis with operating data 

has usually been desirable in combustion work, and de 

velopment of equipment for recording gas analysis has 

brought forth instruments of various designs for recording 

ndicating at least one and not more than two of the con- 
tituents of a mixed gas. 

Certain gases resulting from the combustion of fuels con- 


ain the following gases carbon dioxide, carbon monoxide, 
vdrogen, and nitrogen, all in variable amounts. If an in- 
strument indicates or records but one or two of these gases, 
nly one’s judgment or a complete gas analysis is available 
to determine in what proportions the others are present. 
Multi-point temperature recorders have been available for 
some time which record the temperatures at various loca- 


ef 
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if in place of nitrogen flowing through the discharg 
plate, a half-and-half dry mixture of nitrogen and 
monoxide be passed through the same orifice plate, at 
orifice pressure, no external evidence of change cou 
noted. If, however, the same quantity of mixed gases 
to be passed periodically over heated copper oxide, ar 
resultant carbon dioxide absorbed by caustic, it wou 
noticed that the pressure on the orifice plate would 
change periodically from unity to 0.25 of unity, and it « 
be deduced that each of the gases were fifty percent of 
total gases. 

Since the sequence of oxidation and absorption ma 
cascaded in a gas analyzing apparatus and gases permit 


tions, or on several furnaces by means of printed numerals, nN ” ‘ 
} 1 ° zg As 

colored inks, or other distinguishing marks, and an operator « N r , 

METERING S » » 

at any time may ascertain at a glance the temperature con 7 

dition at many points. It may well be asked, 7 es 

. —— : wip = Y PRE V_SCCPPERN Stgproic 

can this not be done similarly in determining ee : ao “106 > 


1e constituents of mixed gases? 

The method presented here for multiple recording of gas 
analysis consisted of a practical arrangement for indicat 
ng or recording the continuous analysis of gases containing 
carbon dioxide, carbon monoxide, hydrogen and nitrogen, 
utilizing a pressure recorder, range 0-0.2 inches of water. 
With variations, the method may be applied to other gases, 
neluding flue or stack gases. 

The flow of gases through an orifice discharging to atmos 
phere is proportional to the square root of the pressure 
ahead of the orifice plate, and inversely proportional to the 
square root of the density of the gases. It may be expressed 
as follows: 


) Ky (h/d) Te Se ree, (| 


volume per unit of time; A an orifice con 
density of 


where @ 
stant; / pressure ahead of orifice; and d 


gases or weight per unit of volume 
Rearranging: 


; dK=- or } QQdk = 


Now, if we substitute for Qd its equivalent weight W and 
assume K or K*= equals unity, which may be done by choos 
ng the proper time unit to correspond, the formula express 


ng the flow of gases through an orifice becomes simply: 


} Cee os se ees ee 
d 
vhere / pressure ahead of the orifice; @ = volume of flow 
per unit of time; and Vi weight of gases flowing per unit 
f time 


In order to further simplify calculations relative to flow 
if gases, and since only relative values are desired in a gas 
analysis, it was desirable to attach a broad meaning to the 
term W. This was accomplished by using a density factor, 
the determination of which becomes evident in examination 


if the following table. 


TABLE I 
Relative Densit 
Wt tt t tor D 
Nit ger $05 1.0 
Carbon Monox 74038 1.0 
Hyer ' 05323 O.072 
bon Diox 1169 1.58 


Assuming further, that the flow of gas through an orifice 
plate discharging to atmosphere is nitrogen in rate of flow 
equal to unity, discharge orifice pressure equal to unity, and 
with a relative density of unity, formula (2), h= QW, 
may be expressed ash = Q* QX Dor 1 1 1 X1. Now, 
INSTRUMENTS 
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to flow periodically through a discharge orifice plate fror 
any point of the sequence, it became evident that it was pos 


sible to analyze several gases volumetrically, by observing 


or recording the orifice pressure corresponding to a con 
plete cycle of sequence of absorptions and oxidations. 
The accompanying diagram shows equipment used 


completely analyze the mixture of gases containing carbor 


dioxide, carbon monoxide, hydrogen and nitrogen. A co: 
stant-differential orifice flow regulator was provided to fu 
nish a sample equivalent in QW value to nitrogen flow r 
quired to cause a pressure of unity at the discharge orifi 
(by-pass stations 2, 3, and 4). This did not necessarily me: 
that the quantity was actually unity based on the actu 
percentage of nitrogen present and was actually of 
importance, since 0.9%, 0.75 or any other value on the ch: 
could be assumed to be unity flow. 

The sequence of analysis was as follows:—A dried sai 
ple of the gases to be analyzed was allowed to flow throus 
the constant-differential regulator, through a caustic, ther 
through heated copper oxide, again through caustic, throu; 
a selector valve, a drying chamber, and then a measuri! 
orifice plate. The pressure on the orifice plate was cont 
ually recorded on a chart. With this sequence, it will 
observed that all the gases in the sample were removed w 
the exception of nitrogen, the relative quantity of whic! 
flow in terms of nitrogen was determined by simply extrac 


it 


ing the square root of discharge orifice pressure. 

The selector valve driven by clock mechanism, howevs 
impresses periodically the resultant pressure on the orif 
plate directly atter the first caustic absorption and a 
after oxidation by copper oxide. Hence, the resultant Q 















en by formula (2) the orifice pressures which were 
ned at stations 1, 2, 3, and 4 could be expressed as 


e following series of formulas, it will be noted that 
rmula has one more unknown value than that follow- 


see formula 2) corresponding to each volume change 
is of unity total flow, in terms of nitrogen, was re- 


is also evident that formulas containing but one un 


value may be solved. 

No. 
Qi (Nog + CO -+- Ho) + COs 
Q2 = (N2 + CO) + He 


Qs (N) + CO (CO as an equal volume 


Q4 N 


VS: 


of CO.) 





Station No. 


l formula (3) /iy [ (No CO 0.072 H») 1.58 
COx] [Ne CO + Hoe COs] 


2 formula (4) he [ (Ne CO) + 0.072 He] 
[Ne CO + Hoe] 
3 formula (5) / [ (No + 1.58 CO)] [No CO] 
1 formula (6) hy (N») 
(At station Ne 1, the flow w Ijusted t l b 
nitrogen ) 


Inspection will reveal that the above formulas are but a 


form of formula (2) h = QW or/ Q x Q X D. Also, it is 
evident that, with the recording of h, the formulas may be 
evaluated in the following orde) 6, 5, 4, and 3. 


It may be noted, therefore, that with a few additions, 
such a simple instrument as a low-range pressure recorde 
may be converted into a mechanism capable of recording 
complex chemical analyses. 


Unusual Application of a General Electric 
Torque Balance Watt ‘Telemeter 


By CHARLES WASSERMAN 


fechnical Assistant, Electric Meter & Installation Dep’t, Consumers Gas Electric Light & Power Co., Baltimore, Md. 


{4warded a Fifth 


ECENT additional power requirements of a large con- 
sumer introduced a metering problem that was met in 
a unique manner. As shown in Fig. 1, this customer 
maintains a generating plant at “A” and was originally 
interconnected to the local utility through only one attended 
sub-station ‘‘B.” The additional power requirements were 
supplied by the local utility through the customer’s un- 
od stations “‘C” and “T.”” These various stations are 


attende 
widely 


separated. 


The necessary metering called for a continuous record and 
hourly integration of the customer’s total plant load. The 
existing torque balance watt-telemeter- 
ing system connected to a recorder at 


station 


“A” to obtain the total plant 


load record, was extended to include 


station 
obtaini 
wattho 
interch 


s “C” and “D.” The problem of 
ng hourly readings of the billing 
ur meters measuring the power 
ange through these unattended 


stations was studied and two methods 


were ce 
Usin 
vices te 
stati 
uSé 

our n 
contact 


relays and additional 72 ( 


mmut 


veen stations “C,” “D” and 


.oT 


talling 


ir meters to operate 
e contact devices is to 


nforn 


kee 


itthor 


‘large blocks of energy, 


e¢€ of 


irthe 


‘more the possible 
stallation in the near 


ynsidered. 
g watthour meter contact de- 
) operate distant dial equipment 
on “A” would require 
» of additional watt- 
leters to operate the 
devices, contact total- 


lication channels. be- 


he purpose of in- 
additional watt- $. 


Prize in the First Annual Instrumentation Contest 


past experience of a similar installation justified the inves 
tigation of an alternate method that was available to obtain 
the desired resuits. 

The possibility of integrating the telemeter output cur 
rent of the unattended stations at station “A” provided an 
other means of obtaining the hourly integration of the 
power interchange. The full load value of this output circuit 
current is 12 milliamperes direct current, equivalent to a 
primary load of 60,000 kw., and it is duo-directional. The 
use of d-c. watthour meters was considered unsatisfactory 
due to the difficulty of maintaining their accuracy within 

required limits below 10% load rating 


and the necessity of obtaining a defi 
at nite constant d-c. voltage supply. Means 
LAN hie 
——_. — See, of obtaining an a-c. wattage propo) 


tional to the output circuit current, so 
that a-c. watthour meters could be 
mae 7a used, would have to be practically in 
stantaneous due to the highly variable 
character of the load interchange. This 
was accomplished by making mino1 





wiring changes to a standara General 
Electric torque balance watt-telemete: 





~ Tora, Sysrem 


RECORDER 





so that the function of the 
measuring elements could be 


STATION - eversed. 





] The standard watt-teleme 








1 with the practice 
ping the _ billing 
lr meters, measur- 





Cusronsees Dist 


+ 


er primarily consists of two 
measuring elements, a watt 
meter operating element and 
a d’Arsonval restraining 


element, mechanical] 





pled and controlling the 





position of a ight bean 
with respect to the two 











auxiliary devices. wna 


ture of other unattended [ 


ipply 
er ret 


this 





points would fur- 
luce the reliability To 
method and our “ti7r"s 


Station 0 


Fig 
Distribution System 


1. Schematic Diagram of Customer s 





4 photoelectric cells by 
ee w SysTEen . n . 
means of a mirror fast 
ened to the coupling ul 
'e WATT TELEMETER TRANSMITTER eal ¥ 
WHA MeWATT- NOUR METER These cells in turn contro 
x O4RSONVAL ELEMENT OF INVER TOR ] . 
cuneate. commciae. daha sais the plate current of the 
METER CiMCUIT AT THIS Pom’, 


pliotron tubes, the diffe 


ence of these currents no) 





mally are passed throug! 


To he restraining element 
Uriity’ | 
and Supply Points peas thereby producing a d-c 
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measured 


\ ! n Fig. 2 the d’Arsonval 


element was discon 


d the p on circuit, its leads brought to sepa 

te termina and connected to the unattended stations’ 
telemeter output circuit and now acts as the operating ele 
ment. The ate circuits of the pliotron tubes were rear 
inged and resistors X1 and X2 were inserted in the plate 
f f the telemeter control transformer as shown so 

t the gnitude and polarity of the voltage difference 
these esistors depend upon the relation of the 

ate currents of these tubes. This voltage is then applied 


is energized 

that 
and the tele 
neter control circuit. TheVamplifier output, capable of de 


the input circuit of a simple amplifier which 


same 120-volt 25-cycle unregulated source 


ement voltage coil 


ps 25-cycle into a 0.4-ohm impedance, is con 


‘ { am} 2 
attmeter element current coll thereby pro 


ng the restraining torque. 


e telemeter elements are calibrated so that 12 milli 
mps input v produce a phantom load of 400 watts ap 


ed to the wattmeter element to obtain torque balance be 


nents and the equipment automatically compen- 


tes the restraining torque for variation of the supply 
tage. Two standard a-c. watthour meters, equipped with 
tchet devices and having registers of proper ratio, are 
ected to integrate the wattmeter element phantom load 
circuit in terms of primary load interchange. External light- 
ind full-load adjustments are provided to correct for 

the ze é yrs of the unattended station telemeter trans 


tters and to compensate for differences in calibration be 


tween the billing watthour meters and the inverter watthour 
er equipmel 

l'} equipment has been in continuous service since Dec 

’ I five months a close watch was kept on its accu 

ind reliability and in May, 1938, it became an integral 

{f the metering system. Up to the present time this 


equipment has not required servicing and the weekly com 


between the inverter meters and billing mete: 
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have been within =1%. Basically this method is not as 


contact device scheme when operating prop: 
of additional 


rate as the 
but it obviates the 
and communication channels at the present and future 


need metering equ 


obab \ will require less mainte 


attended stations and p1 


Sugar Boiling by Instrument Control 


Fechnologist, 
I / } 


sugar and sugarcane 


I;NTION is made of the use of 
n Chinese records antedating the birth of Christ. At 


that time sugar was a rare luxury. By the sixtl 
t appeared as al irticle of commerce. Before the 
f the sixteenth century more than a hundred suga} 


thou 
that 
velopment 


fifteen 
well say 


vere in operation in Brazil, producing 


tons annually for export. Hence, we may 
manufacture parallel the de 


) 
@ SO1LdasS 


e Tundamenta chemical operation of re 


t ! concentration to the density at which crys 

! ecurs was we known to the Kgyptians. Whe 

\ 1 conquered Egypt in 640-646 A.D. he introduced the 
I sugarcane ind the Egyptians soon develoned a 

cess ft the } uction of ecrvsta eda sugar. 

| ctice consisted of boiling the purified juices in 
ettles to a suitable concentration, so that on coo ng a 

eld of sugar crystals is obtained. In terms of mod 

! ( lire these M irlie methods vere MVIOUSIV Crude 
I cient, and no means of conti were available until 
n it s discovered that the boiling temperature of 
centrat sugar solution was an index of the amount 
suga n solutio 1 Dutrone published the first formal 

es g this re nship. Dutrone advocated the use 

f thermometer to determine the most suitable concentra 

+ ; t 


ve the required size and yield of crystallized sugar. 
concentration of 


In the riginal open-kettle process the 


at atmospheric pressure, result 


By WALTER E. SMITH 
G 


Brewer & Co., 


Ltd., Honolulu, T. H. 


Tns { f / ) ( 


1) 


ing in high temperatures which caramelized the syru 
gave the resulting products a dark brown color and 
what unpleasant taste. The development of the vacuun 
in 1850 permitted boiling at much lower temperatures. 5 
then, commercial 
lem of ‘‘sugat 
Operating the 


operations were concerned with the 
on a more efficient basis. 

pan to maximum yl 
and to produce crystals of the 


boiling”’ 
vacuum secure 
sugar proper size 1! 


sumed importance, and gave high value to the skill of 
workmen who controlled the performance ef the vat 
pans. The success of these operations depended entire 


the skill of the relied on a great vari 
indications, interpreted 
udgment and 


pression: “the art of 


operators, who 


always on the basis of th 


This 


Sugal 


sonal experience gave rise to th 
sugar boiling.” 


boilers jea 
Instruct an appre 
on payment of a heavy tuition fee. Soon this group assu 


an important position in the industry. 


guarded their secrets and would only 


need fo1 scientine 


early date the 


Even at that mor‘ 


trol was appreciated, and various investigators atten 
to extend the early work of Dutrone to the new cendit 
Control of the early open-kettle boiling required only a 
ple temperature measurement, since the operatio! 
always at atmospheric pressure, and the boiling point 


vation was simply determined by subtracting 212° fron 


indicated temperature. But when boilin 
der vacuum the actual f the 


temperature « 
gave a direct indication of the boiling point « 


iongel 














the variations in vacuum obviously affected the 
temperature to an even greater extent than did the 
ns in concentration. About 1880 Seyferth developed 
Iypsometer” to meet this problem. This instrument 
combination of a thermometer and a barometer, so 
ted that the boiling point elevation could be dete 
by measuring the difference between the mercury 
is of the two instruments. 
er workers modified the form of the instrument for 

convenience, but this basis did not permit anything 
than manual control. 
(930 the writer initiated a study of sugar boiling, in an 
to reduce the operation to a basis which would permit 

















The 


next step was to actually control the admission of 
feed liquor to the vacuum pan by means of motorized 
valves commanded by the controller. This proved completely 
satisfactory, and the vacuum pan on which the first expe 
ments were made is still controlled by the instrument 
Proper values have been established for the various products 
boiled in the vacuum pans, and all the operator needs d 
to set the control point at the selected value, the instrume 
then maintaining the proper concentration automatically 
The results obtained are entirely consistent, and at tl 


is that the operators are 
losing their old skill. This would become both« 


event of accident to the 


factory the chief point of concern 
rsome in the 


control equipment, though this ha 












































y automatic control, and to remove it from the field proved most dependable. 
irely empirical personal judgment. What follows is a his method of control is now used extensively throug] 
é of the principles on which this control is based, and out the sugar industry, and installations have beet made in 
scription of the results attained. most of the sugar producing countries; and in Hawa 
reviewing the literature of sugar boiling control the 
ter found the method of Langen, proposed shortly afte: 
), which seemed to hold the essentials of a workable 
tem. This method provided a receiver, connected to the a 
cuum space of the pan, in which a supply of water was " anor s a 
at the boiling point; thus, as the vacuum varied, the “—r = 
ing temperature of the water varied to correspond to 
changes in absolute pressure of the 
ystem. Langen inserted one end of a 
ermocouple into this water, and the oe scat ale 
er junction into the boiling sugar THIS CINE MUST CONNECT BBO ON 
. . ANY SAavEZALL ‘WV OOME OF FAN 
nassecuite; then, since a thermocouple nae ae : 
easures the difference in temperature \ LESS ACE THEETOMETER. 
etween the junctions, the indication \ TEMP! DIFFEREME REDROCR 
is obtained was a direct measure of \Afezcowoze cag 
e difference between the boiling tem- ig oc tatompyell 
ature of water and the sugar masse- TAOIOPTETR Laat 
lite. This gives “boiling point eleva- e.ex/ace | L 3 ( Pamrameycosiand gl 
m.” While fundamentally sound, the ae Oe >< li dtecs ) sii atlas 
nethod of Langen had attained no com- aidan anwar 
nercial success, and had found no appli- ‘Ea 
cation in industry. 4 t re . 
Studies made by the writer showed ovVeeaow— “| ee } 
at in order to be a practical basis of RESERVOIR : . 
control the measurement of boiling point 2 —e v 
elevation must be most accurate, since an “| 1244) ee 
error of more than a fraction of a de- ' an . ———— , ' 
gree would produce improper results. 7 et “1 Waive _ 
Within the working range of about thirty BAROMETRIC SZAL IF Giencce GY b SJ LS 4 
degrees temperature difference, a ther- SUFFICIENT HEAD ROO/T Pe eal lv ——————SSSSSSSS— 
mocouple could not give an accuracy of ae orco.. ff 


better than one or two degrees, and since 
his was obviously too insensitive for the 
equirements of the control it explains 
the failure of the Langen method. 
Modern electric resistance thermometers, capabie of meas- 
uring temperature with great accuracy, were therefore sub- 
stituted for Langen’s thermocouples. One thermometer was 
inserted in the water, the other in the massecuite, and both 
thermometers were then connected into the arms of a 
Wheatstone bridge, thus measuring directly the ‘“tempera- 
ture difference’”’ which constitutes boiling point elevation. 
The first step was to purchase a standard temperature 
difference recorder, using electric resistance thermometers, 
and fitted with contacts to actuate the necessary control 
valves, and this instrument was applied to a vacuum pan at 
the factory of the Hilo Sugar Company, at Hilo, Hawaii. 
lhe arrangement is shown in the accompanying drawing. 
The instrument was first allowed to operate as a simple 
ecorder, with the operator controlling the boiling in the 
onventional manner. The record so produced showed that 
even under the best control based on judgment, the condi- 
tions varied considerably from what was later found to be 
the optimum control point. But examination of the record 
nade it possible to determine the trend of the control sought 
y the operator, and permitted us to plot a typical ideal 
ecord. This done, the operator was instructed to manipulate 
he vacuum pan so as to reproduce the prepared curve. This 
stablished the fact that the operation thus secured was 
etter than the best results based on personal judgment. 


7O RECOROER -COVTROLLER 





noted for its scientific control, this method has found great 
favor. Instrumentation still 
of the old school who still choose to believe that human 
ment cannot be replaced by man’s mechanical 


is resisted, however, by a fev 
udg 
Ingenulty 

An interesting sidelight on this development is seen in its 
effect on the design and operation of vacuum pans for suga? 
boiling. The application of this method of control to vac 
pans of old design quickly demonstrated the 
formance of the equipment. This gave new 
consideration of designs which had previously been thought 
entirely satisfactory, and has led to improvement in desig? 
Asa 


boiling 


un 
Impertect pe 


Incentive to re 


to overcome these shortcomings. result modern 
ment now used for sugar infinitely 
that available ten years ago, and has resulted in material 
reductions in cost of operation. This effect alone has paid a 
hundred times over for the cost of the original investigati 
and the end of improved developments is not in 


equl} 


is superior t 


sign 


Training of sugar boilers becomes a job of weeks instead 
of years. Errors in manipulatior 
this has resulted in an improvement in the product as we 


as in costs of production by avoiding expensive 


are no longer possible, and 


mistakes 

A patent has been granted on this method of vacuum par 
control, even though the equipment used is standard with 
instrument manufacturers. The equipment used for this 
method of control is manufactured by Leeds & Northrup. 
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Magnetic Methods of Testing Hardn 






By Ss. R. WILLIAMS 


Professor of Physics, Amherst College 


[ARDNEss TESTING OF ALL-OVER MACHINED 


PRODUCTS BY MAGNETIC METHODS 


lf ine li methods can be used for measuring hard 
ss it . vident that their most practical ipplications 
would be to materials and particularly finished products 
Where th ise of the indentation, scratch or rebound 
hod would be disastrous to further use of the speci 
n. On igh-grade steel ball, for example, in inden 
m method leaves the imprint of the diamond indenter 
which is a point of weakness for wear and breakage if 
t it parti ilar ball Is used 


Che making of steel balls calls for a high degree of 

sion in their size and also in their heat treatment 

Such products, therefore, furnish good samples for ap 

ving magnetic methods to the testing of relative hard 
nesses, or tor suitability of purpose 

Phe magnetic method finally emploved in testing steel 

balls with different drawing temperatures was based on 


iwht into a mag 


he principles that a steel ball when bro 


netic field will distort that field, and that the dj 
will be greater the softer the ball. if size and unif 


of structure remain the same for all the balls test 


The magnetic field to be distorted was provided 
combined tields ot two horseshoe magnets arrange 
that their fields opposed each other. Fig. 273 sho 
magnetic hardometer as finally emploved and Fig 
shows the combined fields. The point 4, Fig. 274 
neutral point in the combined fields when a stee] 
placed between the poles of one magnet as in Fig 


The neutral point is displaced to B when the ba 
} } 

Bb, Fig. 274, the introduction of a steel ball betw: 

pole s of Magnet 2 distorts the field, shifting the 

point from 6 to 4 and thereby deflecting the magn 


moved. When the magnetometer, Fig. 273. is pla 


eter needle by an amount which is some function 
hardness of the steel ball. 


The distance between the pole ends of the two mag 


wr : ; . 
is about 20 cm. (7.8 which brings the neutral] 





Fig. 273. The parts of 


the Magnetic Hard 
ometer. A Magnetom- 
eter is set midway be- 
tween the two horse- 
shoe magnets, 1 and 2 


Fig. 274. Two perma- 
g 


nent magnets were set 
up with their fields op- 
posing each other. The 
distortion of these com- 
bined fields by the in- 
troduction of a steel 
ball between the poles 
of magnet 2 produced 
a deflection of the 


magnetometer needle. 
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Fig. 275. This show 
in greater detail h« 
the ball is held 
position between = the 
poles of magnet 


Fig. 273. 











S 








ig. 274 shows 


OQ em. (3.9%) from each magnet. I 
irply the neutral point is defined. If a short mag 
eedle is used the displacement of the neutral point 
steel ball would cause a deflection of the magnet 
needle through an angle of 180°. A long needle, 
one used in a surveyor'’s transit, would indicate 
hange in the field. The magnetometer needle used 
work was bell-shaped as shown in Fig. 276 which 
several sizes and combinations for making an 
magnetic needle. The new magnetic alloys, such 
General Electric Co.'s Alnico, should make excel 
ll-shaped magnets. 
bell-shaped magnet was attached to a stiff brass 


- as shown in Fig. 276. to which a mirror was also 


& 
O 


: 


: 


t 


id o Nn ® =. 
#/ ™ 














Fig. 276. Various sizes and combinations of bell-shaped magnets 
to be used in magnetometers. 


fastened and the whole system suspended by a fine phos 
phor-bronze fiber P, as shown in Fig. 277. By use of a 
tele scope and scale the deflections of the needle could bx 
bserved in the mirror. In order to dampen the oscilla 
tions of the needle, the latter swung in a heavy brass cup 
!, filled with a light transformer oil. See Fig. 277. In 
ismuch as the scale readings became an arbitrary set of 
numbers for hardness, the scale was reversed so that dé 
flections giving small numbers corresponded to soft balls 
ind large numbers to hard balls. Because the length of 
the magnetometer needle has a great deal to do with the 
sensitivity of the outfit, the position of the magnetometer 
between the two horse-shoe magnets seems to be a mat 
ter of cut-and-try. Once a good location has been found, 
the whole outfit may be picked up, transported and 
turned in any direction desired. Standardization of any 
lagnetic hardometer must be in terms of a standard steel 
It seemed desirable that when a steel ball of a given 
size was placed between the poles of magnet No. 2 (Fig. 
273) it should come as near filling the gap as possible, 
0 extra pole-pieces were attached to the permanent mag 


ets, as shown in Fig. 275. This cut shows the ball in 


5. 
position, being held there by the magnetic attraction of 


e pole. In the faces of the pole-pieces small conical 
lepressions are made which insured the steel balls being 
ated each time in exactly the same position. Fig. 273 
lows only one of the magnets with the extra pole-pieces. 
n practice both magnets carried the extensions of poles 
» that with the two different-size gaps between the poles 
veral sizes of steel balls could be tested without chang 
g the extra pole-pieces. 
The horse-shoe magnets were obtained from the Raw 
n Electrical Instrument Co. of Cambridge, Mass. The 


total flux of these magnets was 17500 maxwells for mag 
net No. 1 and 17890 maxwells for magnet No. 2 

The criticism has been made that if the steel ball is 
rotated, after being placed between the poles of the 
net, an entirely different reading will be obtained becauss 
of the retentivity of the steel along the direction first 


magnetized. This is a just criticism. ‘To obviate this dif 


ficulty the balls were placed directly between the poles 


ig. 277. magnetom 
I £ ) A v t 
eter using a_ bell-shaped 
magnetic needle. 
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without rotation. If a second reading was desired the bal 
was removed and allowed to roll through a solenoid 
through which an alternating current was flowing. ‘This 


coil was 32.9 em. long and 3.5 cm. in free diameter wit] 
4 constant of #4.8 gauss per ampere. When it was con 
nected to a 110-volt alternating-current supply. a current 
of about 7.5 amperes flowed in the coil. The rolling ball 
passing through the strong alternating field at the center 
of the solenoid. and then on through and out some dis 
tance from it, was found to be thoroughly demagnetized ; 
it could again be placed in the magnetic hardometer and 
tested as before. Balls classified for different degrees of 
hardness showed a similar classification after having been 
demagnetized in the manner de seribed. The re Was sSotn 
indication that a few showed a small decrease in hard 
ness. It has been noticed elsewhere that the process of 
magnetization changes slightly the hardness of some 
steels. 

It must be remembered that the magnetic test includes 
the interior condition of the ball, while the Rockwell test 
is one of the surface layers only. If the steel balls wer 
not homogeneous it probably would not be possible t 
work out a satisfactory set of conversion tactors between 
Rockwell and magnetic numbers. 


One of the first tests carried out was a series of read 


ye 
ings on a set of steel balls, 34° in diameter, which had 
ditferent drawing tempe ratures: these readings were then 


compared with the rebound tests and the Rockwell nu 
bers. The balls with different drawing temperatures 
were demagnetized in the fashion just described befor 


the following readings were taken. There were 











ich temperature, and four different temperatures: 

L8SO, 660, 840 and 1020 F. The readings on the three dif 
ent balls for each temp rature were averaged to 
gether for the values given in Fig. 278; but in Table I 
ndividual readings for the different balls are indi 

ited and will give some idea of the way in which the 


non the magnetic hardometer 


A series of readings was then taken on these same balls 
by the rebound method. The striking surface for the balls 
was the polished surface of a hard anvil. On the various 
surfaces thus tried out the old anvil with its surface 
smoothed off gave the best results. The rebound numbers 


ire tabulated in ‘Table II. 


PABLE II—REBOUND METHO! 
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The same series of balls was next tested by the Rock 
well hardness tester. Inasmuch as this instrument left 
indentations in the balls which would influence magnetic 
tests, only one ball was taken from each drawing tem 
perature. The readings for the different Rockwell num 
bers were taken at random around the ball and are given 
n ‘Table IIL. (The balls selected were those showing the 


; 


irgest magnetic numbers recorded in Table I. 


ABLE III—ROCKWELL NUMBERS 


| ¢ ¢ | | mt rit 

rat Temperatur Temperat 

I 840°] l I 

, Ball N Ba No 

\ \y 8 Av 
\ comparison of the three sets of readings is shown in 
Fig. 278. All of the readings are compared with the 


tempering temperatures. The Rockwell numbers are a 

sure of indentation hardness and express this prop 
terms of plasticity while the rebound numbers 
isure the elastic properties of the metal. 


The question may prope rly he raised, what do the 


ignetic numbers measure 


on the market with a fairly definite 
iny particular brand should be 





quite uniform. It was of interest, 


therefor . 
hundred stee! balls, supposedly ot the same oOric 
treatment, and see if the magnetic hardometer wo 
ferentiate them with respect to hardness. On 
which could be moved into any position desired 
arranged that those balls which gave a reading 


73 and 69 would be classed as “very hard,” bety 
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Fig. 278. Rockwell and rebound numbers compared with mag 
netic hardness numbers on a group of steel balls. 


and 65 as “hard’’ 65 to 61 as ‘‘medium.” 61 to 57 
“soft” and below 57 as “very soft.” The distribution 
these balls according to hardness follows roughly a g 
eral distribution law. The values: for the rebound nu 


bers are also given. 


\ H Mediu S \ 
No. of Balls + 
M retic Numl 
Rebound Numbers ( 63 63 ) ¢ 1-58 


This set of balls was needed for further work and 
the Rockwell hardness tester could not be applied to 
of them. Two were selected, according to the magn 
numbers, one from the “very hard” and one from 
“very soft.” The records for these two are given 
Table V. Values were taken 20 degrees apart in a cir 


around the balls. 


TABLE \V 
Very Hard Bal Very Soft Ba 
Angles Rockw Number \n Rockwell N 
£58 63 
S s Ss 
1 1( 
3 S 
YT 
\v \y 
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he Alnor Pyrocon which has had such wide 
ceptance for every type of application now 
ffers many new and exclusive features. 


1. Unusually heavy and rugged movement—high- 
ly essential in a portable pyrometer. 

2. Choice of either rigid or flexible arms or 

both which are instantly removable and in- 

terchangeable. 

Improved and enlarged assortment of thermo- 

couples all of which are instantly interchange- 

able without change in instrument calibration. 

4. Choice of seven standard temperature ranges. 

5. Greater accuracy. Yoke of arms and side 
plates of thermo-couple assembly made of 
thermo-couple material to eliminate junction 
errors. 
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will prove the most economical. 
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uilt for Shop Use Too 


This potentiometer - pyrom- 
eter has no standard cell 
to be unknowingly damaged 
by changes in ambient tem- 
perature or vibration. 
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Requires fewer balancing 
operations, saving time and 
chance for error. 


* Features sensitive galvan- 
ometer with double-pivoted 
ruggedness. 


* Like Model 7G6-PO, the port- 
able which combines lab- 
oratory precision with rug- 
gedness ample for flight 
testing, Model 71-PO gives 
correct information .. . for 
even the inexperienced op- 
erator + «+ « OM any con- 
venient wall or switchboard. 





Model 71-P0 


Exclusive feature for which eter. Compact metal housing; 
batent has been applied: Ad- 
ust Model 71-PO once and 
read thereafter as a deflection 
instrument, swiftly, continu- Investigate too the savings 
uusly. Here’s no of the with rotary selector 
lelicacy of Model S-12. It uses thermo- 


couples and leads of varying 


scale range or ranges to your 
requirements. 


naan switch 
a high resistance 


yrometer—but all the in- 


lependence of lead resistance lengths, cross-section, and 
herent in the infinite resis- condition with one instru- 
ince of a quality potentiom- ment. 


Dept. 3, 441 Chapel St. 
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LIQUIDOMETER remote reading 


gauges automatically indicate or 


record tiguid levels. Direct read- 


ing models are available where 


remote reading is not twquired. 


No pumps, valves or @uxisiary 


units required to read levels 


Balanced hydraulic transmission 


system completely compensates 


for temperature variations on communicating tubing. Accuracy unaf 


fected by changes in specific gravity. 


Approved for gauging hazardous liquids by Underwriters 


tories and other similar groups. 


W rite for com plete details. 


rue LIQUIDOMETER core 


38-17 SKILLMAN AVE., LONG ISLAND CITY, N.Y. 
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Dealer Net Price $9.00 
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Model 6730-5: 0-10; 0-25; 0-50; 0-100 
0-250: 0-500; 0-1000 AC Volts (Recti 
fier type) 

Model 6740 0-2.5: 0-5; 0-10; 0-25 


DC Amperes 

Model 675 —0- 0-5 
0-250: 0-500: 0-1000 
Model 6760-50; 0 


0-1000 DC Microam 


Model 677-—0-!: 0-2 
0-50: 0-100; 0-250 
Volts at 1000 ohms 


0-10: 0-25; 0-100 
DC M amperes 
00: 0-250: 0-500 
peres 

5; 0-5; 0-10 
0-500: 0-1000; D 
per voit 


ter, self-contained 


batteries for 0-1000 Ohms (10 Ohms 


Model 678--Ohmme 
Center Scale); 0 
Center Scale 
Megohm 

Dealer Net Price 


Bluffton, Ohio 
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0-100,000 Ohms; 0 
0-10 Megohms 


Each $9.00 
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Both Tables IN ind V indicate that whatever prop 


rtv the magnetic numbers measure thev are making that 


listinction very clear. In a previous paper” it was shown 


] 1! } . 
those ste balls which were classified as uniform and 
1 by the magnetic tester gave the best record tor 
rushin strength. In all cases the magnetic numbers 


ressively with those numbers which in 


they ethods we call the hardness numbers of the mate 
ris tested No only do they follow some law otf com 


parison but the different degrees of hardness are indi 


ited by larger steps the magnetic numbers than by 
ther methods, which makes the magnetic method an easy 


It is not clear just what the kind of hardness 


, , vs 
wi! the magnetic hardometer measures, but I ig, 278 
“A ad indicate hat it comes nearer to. the Rockwe i] 


Iness numbers than to the others. Can we sav that 


ignetic numbers measure the resistance to pene 


tration’ Much more work must be done on the relation 
tween magnetism and hardness before we can answer 
sO] ft These questions On canno! spe ik of the num 


which at obtained by the magnetic method as the 


yn hardness of the material for. as alre dy pointe 1 
tern magnetic hardness” has been frequently 

sed to indicate the coercive force for saturation.” The 
seoof such a term in our present problem would lead to 
sunderstandings. although it would mor suitably bye 


d in that connection than with coercive force. It may 


levelop that coercive force and hardness as measured by 
R Tr k we | tester do have i de finite re lation, Work by) 


Nusbaun indicates this possibility. Reference to this 


Mas ilre vd been 1 vce ind will bye Cor side red ayvain 
} 


na subsequent section 


Chis magnetic method, as pointed out before, demands 
iniformity of structure throughout the ball. Otherwis« 


me couldn t compare the results obtained magnetically 


with those taken with a Rockwell tester. The latter meas 


Fig. 279. Fahy’s Per- 
meameter with some of 







its accessories. 











ures only surface conditions. In order to get mor 
mation on this point, a steel ball was cracked i) 
hemispheres and Rockwell hardness numbers 
ilong a diameter of one of the Hat surfaces. Thes 
ings are shown in ‘Table VI. 


rTABLE VI—ROCKWELL NUMBERS ALONG DIAM 
P L. BALLS 


This set of readings does not reveal any striking 
ferences between the Rockwell numbers for th 
lavers and the center. 

Parts machined to definite and uniform. siz 
themselves to measurements by the magnetic method 
described. In the davs when the valve stems in a 
bile engines were made of ferromagnetic material it 
possible to compare their hardnesses by this method 
mmagnets in Fig. 273 would simply have to hav: 
special pole-pieces changed in form and differen 
tances placed between the magnets. 

The method as thus presented for picking out 
grade steel balls or other parts possessing unitor 
without injuring them seems to present some possibil 
Phe magnetic method at the present time appr 
have its chief value in the fact that it presents anot 
ingle from which to view the property called hard 


as measured by other well-known methods. 


MEASURING MECHANICAL HARDNESS BY MAGNETI( 
INSTRUMENTS 


In this laboratory Smith,” using a Fahy’s permean: 
and its accessories as shown in Fig. 279, measured 
hysteresis loss in a series of six steel rods whose | 
treatment had been uniform for all the rods. These sai 


rods will appear again in later discussions as quite a 


of work has been done on them. ‘Their chemical const 


tution and physical make-up are given in ‘Table VII 


rABLE VII 


In Fig. 280 are shown the hysteresis curves drawn 


t hae SIX rods. One these have been obtained it bec 


H. H. Smt Measuring M Warduess tac 























Fig. 280. Hysteresis loss curves for the six steel rods. 








Only half of each loop is shown. 

Curves for the six specimens are all drawn to the same scale. 
Abscissas represent magnetizing forces. 3 
Ordinates represent induction. B,. 26900 E, 37¢ 
H 39.2 gilberts/cm. 3 


The hysteresis loss in ¢ 
| cm*/cycle for each rox 
as follows: 

Ag 19600 D, 


C;; 32850 F, 
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control. They have attractive bakelite cases. The 
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line 
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Fig. 281. Relation between Hardness and Fig. 282. Relation between Hardness and Fig. 283. Relation between Hardness and 
Hysteresis Loss. Coercive Force. Carbon Content. 





in easy matter to obtain numerical values for coercive 
forces, retentivities, hysteresis losses and permeabilities. 


Fig. 281 shows the relations between the Rockwell num 


Fig. 284. Relation be- 
tween Hardness and 


Permeability. 


bers and the hyste resis losses at various values of H 

If the process of mnagnetization consists in flopping the 
ixes of spin of the free negatrons around into a direc 
tion parallel to that of the direction of the magnetizing 
force, then it would appear why the hysteresis loss in ke 
creases with increasing hardness. The very forces which 
hind the itoms together to increase the resistance to 
penetration of the hardness tester also augment the 


forces which restrain the spinning negatrons from being 


urned so that they are all more or less in a common 

















Increase... PRODUCTION 
fe direction. As pointed out in an earlier chapter, we get 
Speed-Up. ee MEASUREMENT down to fundamental facts concerning interatomic, inter 


molecular forces in dealing with hardness and with mag 
netic phenomena. On such an argument it would follow 
that in general the coercive forces should follow th 
hardness numbers. 

In Fig. 282 the values of the coercive forces tor th 
same six rods are plotted against their Rockwell n 
bers. This curve bears out the above statement that 
the hardness increases so does the coercive force. 

From Table VII the values of the carbon content 
the six rods were taken and plotted against hardn 
See Fig. 283. The hardness goes up with the carbon « 
tent. As more and more of those bonds (which hold ca 
bon atoms together so solidly in the diamond, hardest 
all solids) become effective, the harder becomes the s 
under the same kind of heat treatment 

It naturally follows, as shown in Fig. 284, that 
permeabilities of the rod would increase with ineré 
softness. The magnetic lines of force permeate th 
rods easier the less difheult it becomes for the g 





With the scopic ne gatrons to turn with their axes parallel to 
magnetic field. This point seems to be substantiated 


GAERTNER Fig. 284. 
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In last month’s instalment of this serial by Prof: 

Descriptive Bulletin on Request Williams, the letter R in the last formula at the botto 

page 190 (and in the caption of Fig. 266) shoul 

THE GAERTNER . SCIENTIFIC CORP. omitted. Strike out also the words “and R the ave 

1211 Wrightwood Ave., Chicago, U.S.A. radius of the turns” under the formula. Two lines al 
the formula, substitute ‘helix’ for “spiral.” 
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